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Executi ve Summary

This document presents recommecdédfoodeackaerg

Commi ssion wi ||l be conslidéfi ggufboavaedopmment s
suggestions prior to thteo@atdoptedast pkebskdema
Comments wil ledioftorbepubelliecasrevi ew or will be 8

| ntroducti on

The Codes and Standards Enhancement (CASE) 1In
to support the California Energy Commi ssionés
the CalifoComei(ali Eder @y, Part 6) to include new
existing requirement sThfroe€a Iviafro ouisa tlecheaotl @rg i @\
(Il OwPpcific Gas and El ectric Compaann8yo,utShaenr nDi e
Cal i forniandcdtivvonPubl iicéistoBwrAendy el teisl iDtepart men
Water andnBo®wacramento Munidiepa&l nUtrielfietry edi ¢ to
Statewide CASE Team when iinscploundsionrge dt hteh i GA SH fAo
program goal nid stub npirte pparroep cas al s-e ft hadt iwv ¢ | res
enhancements to improve energy efficiency and
buildings. This report and the code change pr
effort to developfftecthinvemeés anidnfcor mati on for
on buil dienfgf iecnieerngty desi gn practices and techno

The Statewide CASE Team submits code change p
the state agency that hasTiaultédo24tyPamot agflopTh:
Commi ssion will evalwuate proposals submitted

stakehol ders. The Energy Commi ssion may revi s
Commi ssionds 2022 Title 24 wealsimaek ifngr sicrhfearurm
how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
t opi cs/ priolqgddanmsedhfui csiteanncdya r ¢bsi/i 2-@A hrpdVf | Ci ency

The overall goal of this CASE Repdrhtawbdiud dt o pr
affect the daylighting contmronrse siadpapnitiiease mn 0 $ s
The report contains pertinent information sup

Measure Description

Background I nformati on

Mandatory requirements forolhstwenaeéeifti daty | i gthit
2005 Title 24, Part 6 Standards. The daylight
accommodate the most common il lumination tech

fluorescent sources wi tthi cstdgyleidg ldtiimmg nogo n tAruad |
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to reduce | ight outpuat edasthkeabenehah thgheiw
daylighting. The automatic daylighting contro
2013, and 2016 code amygelsed nt d exdcdjnwd togfyqgr aadhlr e
and simplify chdtealkcloynplficarnctehe 2013 code cycl e
added cl ar i flyevtenatl inguhlté& rneg ncaonndharteohrsyl o 40 ar eas
square feet aoadnhacged Wi ght angwW/lifpts8dcygirent er
130(.91) andiEBDhadtumi nair es an dhalvEeDeaspoaubricleist ynutsa
continuously dim betWwéEanml 4-A)F30ar. It hCe o@Bride/ rctl e,
' i ghting power deunpsdiattoeedsstd L&PrDsl) Evidhaebcads erhd anres,

L EDIsa vbee c 0 meS &itnhdeaDed i ggmd nor ma l d eNeiagn ypraddt ispea.c

wi || have contbienwewesn diOmmindg f 8 b i Tpheet cpersotp o s e d
code citwvanobd abugandaahyelci ghting contr ol requiren
capabilities of |e& gchaaommmogn Isyy sitnesmsa ltlhead iamr nonr e

today. Specifically, the tchoadte sryesqtuae mse nmeanvt e wohue
to domnl@ opebpceh@éaswerpposed to the cfi5rpentcemrtq.u

Th&t atewide CASE Team often hears feedback fr

requirements are overly complex. This is part
requiremenssecoimd pr opogsee db rceosceentcehda in t his rep
simplify the prescriptivien |riegshptoinnsge ctoon tsrtoal k erhec

requwest

Proposed Code Change

The Statewide CASE Team recommends two revi si
requiremermRtds iiPmrTi t6l,e as descri bed bel ow.

Daylight Dimming to 10 Percent

This proposed code change would update the ma
controls provisions to require deeper reducti

|l evel s are meQurwienht dcaoyde grheequi res gener al i g
zone to be reduced to 35 percent or | ess when
percent of design illuminance. The proposed r
l ighting poweo t10 pelteedenedatyl i ght il |l uminan

than 150 percent oTfheareesiagme ind uadairagoeas |tiog htth e
i 'l umi naatc ewHiegvhetli ng power has to be HUTddwsced ¢

Il luminance is the amount of | ight on the surface of a
daylight on the surface of an area. For the automatic
the amount of sunlighthator edqa@nhleisghthei plhomioseamce®,yr thmust

the design il luminance for gener al Il ighting of the spa

2Q2ZTitl e 2F) nGBASHE Reip2Or2NRL I g-R |81



measure | evperoagefsertanset aneof i gbhtidg and its din
the nonresidential sector aln0d0 tpaekrecse nftuld i nantivnag
that i s already required for LED | #AmiohmailTi ¢$ ea
24, Pahret ebx.i st i ng mandatory requirements for a
controls apply to new construction, addisti ons
residential, and hotel/ motel buil dings. The p
garages.

Currently, automatic daylighting controls are
installed gener al |l i ghting power in the Skyl:i
Zone is 120 WAmesi oanhbSghieety of Heating, Ref|
Condi tioni n@t é&Emdya riicE a®0k.gly St andards for Buil di
Ri se Residenti al Bui |l di ng20 129)1 9i necdli utd eosn a AsSi HW
threshold requirement wherein automatic dayl:
combi nreadr gle |1 i ghting power is 150 Watts or hi

Report was published, there is2@l%endangwoebld
reduce the wattage threshold in 90.1 from 150
approved udyl tAhRSeSHRAE 90. 1 commi?Tthé&e¢ ait @ wNaee mber
CASE Team support sr etchoinsméerhedvsi stihoen Eannedr gy Co mmi s
with the pending revision to ASHRAE 90.1 and
when the gembrakdlighting power is 75W or hig
would modify Exception 3 to Section 130.1(d).
documentation for this proposed change, but t
the cost efferceigeneassi mags associated with re
threshold requirement and will be provide res
of the Ener gy @ounine nsaskiionngd sw oprrkesehva ps i vomesr & ot h e
daylighting requirements wil/ be di scussed.

The proposed dcooedse ncohtt hugpedparteescr i pti ve power ad
(PA¥alfuer daylight di mming plus OFF control s i
|l anguage has been updated to clarify that onl
Stepdedtdming systems would not qudilmmhyhdor t he

has been designed to have. General |lightintgo rperfevisdd o |
overall lighting to a space, as opposed to task lighti
specific need or task. As an example, if an office |igl
candl es of generaale alsi,ghthienganmooundesoki daylight il Il uminan
space and reach the photosewaond| mgsstf obe tmer authhanmatls fd
controls to reduce power to the general lighting syste.l

2The proposed r ewigei drhy etschotllde fwattadvanced daylighting
recommended in Addendu2n 109 .t of hA SsH RRAJEd e9n0d.ulm has gone t hro
period and was voted on by the full ASHRAE 90.1 commit:
comneiettvote is required before the addendum is approved
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OFF credit. Language has al so been updated so
secondary sidsel it daylit zone

Mandatory Controls in Secondary Sidelit Daylit Zones

This propovtadgeoweul d move the prescriptive r
daylighting controls in secondary sidelit day
mandatory indoor |lighting controls section of
for automghiicndagbntrols in SDZs is the only
requi r 8tnmeekneth.ol ders have reported ther e hies conf

code compliance ves whaeetaeroooptooéssin SDZs a
particul arbluyi Iwdhienng tchoempl| i es using the perfor ma
the only |lighting control requirement that a
they achieve the required energy budget. Mo v i
to the maedtaitom ywoul d simplify the I ighting c
subsequently the compliance and e mwoaourlcde nbeent p
simplified and Tunasmbcihggunogees woul d al so align th
in Title 2daylPaght 6ngvi t @qui r e mesnstnsis ld @amo ndSaHRyA E
sidel ictonZZrgermdui rements i n ASHRAE 90.1 B8 beer
versidgnnally, the proposed change would provi
controls irreqabZsxdar evhi ch would make it more |
controlled with photocontrol s.

Daylighting Controls Acceptance Test Cleanup
The proposed code change would update the Adyv

Acceptance e€lcistter itaol fearxrors and i mprove the te
completing the test. The suggested revisions
existing test procedure is unclear and diffic

Speci ficall ygharhgege 9 rwepuwlsc:d

1 . Adjust procedures to verify and document t
controlled luminaires is at | east 90 perce

2.Fix numbering errors.

3. Adjust | anguage and formatting terenecarly
Locationo is identified. This is helpful b
mentioned multiple times throughout the re

4 All ow the full daylighthicmindg ta olmr it@htoel isg!l
phot os,ensshoirmakes it easier for the technici

5.Clarification that the automatic daylight:i
be applied to the secondary sidelit daylit

2Q2ZrTitl e 2&F) nBASH ReipRdAr2NRL i g-R 1110



6 .Add aant ernative partial dayeén ghdndersns twi tald

feasibility of wusing the current partial d
daylit spaces with dark glazing or small w
Stakehol ders have expressed similar concerns

ControltsamMceepests to the Energy Commi ssi on. I
Commi ssion has developed suggested revisions
stated their intent to update the tests durin
(Clai fornia Energy &odmi slse @ase@ Oldd@dmadgealge f or pu
review on AugCsal i 1®drn2@a2&@nergy ChmmiSs st emwi 2@ 2
CASE Team agrees with many of the i mprovement
suggested, but suggests some additional <cl ari
this report.

Scope of Code Change Proposal

Tablssummari zes the scope of the proposed chanc
Stand®ede&rence Appendi ces, MAl h(eAdhM)t | Rreef eCael nccuel

Manuahd compl i ancteh adaudwEemenotds fi ed as a result
chano9
Tabl:e Scope of Code Change Proposal
Measur (Type ofModi fi|Modi fTiig/Woul d [Modi f i €
Name RequiregSectio24 Part|iCompli|Compl i @
of TitlAppendi|Softwa|Documgs
Part 6 Be Mod
Dayl i g(Mandat agSecti o[lNonresi|Yes Yes
Di mmi n 130. 1(|Appendi
10% Section
NA 7. 6.
Mandat (Mandat agSecti oNo Yes Yes
Contro 130. 1 ¢
Second and
Sidel 140. 6(
Zones
Dayl i g|lAccept aN/ A Nonresi|No Yes
Control|Test Appendi
Accept Section
Test NA 7. 6.
Cl eanu
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Mar ket AamadyRegul atory Assessment

The mar ket for tleiss amélMasnyaeh uifsacweulrleear s produc
pl ethora of products that can be used to meet
St atewi de CASE Besamoflatded!| t phti ng technol ogy
manufactureed ilydhte ngdadaontrol s tloi kkehwidbsreepr oduc
manuf act wrfdres | aibge iwwhdoilneg ener gy management sol
photocontrols and Decoupaendyhedanatwidadlésh.av airlealeinic
of various wietqhiiim eanteantt s and nat jsothuadi enso dhed v ee n ¢
shown a relatively | ow penetration rate of oc
whiicmdi cates opportunity for energy savings.

The promeocasswdo ul d i streagencydadyfi gdxi st immg ng

requirsemeditl e 24, Part ad6 iwigi t hesemubt angous|
continuousgsediummiemgmeci fically, automatic dayl
already required ;t dphde pro staol e3gpadipteemc Bgt t o 10

percent . TlaiblewAS3®Kedqlui res LEDs to be capabl e o
bet ween 10 an,d sld 0t peaclreemgesetdo daylight di mmi
requwisree of the ful |7tda nminO npge Tcleaspnaplriolpioteye § dup dat
move the Title 24, Part 6 requirements into c
ASHRAE -BD®M1 9t hough Title 24| eBar tst@iamg@ibdH RrAcEma |
90.Blegi nni ng eirmaidhldont i nuihneg ctuhrrroetAdHR RE si on,
90. 1 requires automati,c vdhaegrldaagshtt Hii smwvpmdgm a soe dO

reqguiirmne to 10 percent. There are no additional
California Building Code ¢hatt awoeleudatraercyt | y r e
requirements in Title 24, Part 11 that encour

Dayl ight r ediirneccrte angge idgehvti cpeesnet rati on i nto a s
beneffiocri aslpacascsthhev®50 percelngvedlgsi gadl|l ightt he
automatic daylight daonmiwmgtda o 10 percent to

CosBf fecti veness

There addi hcooosntass associ ateddaylthghthedipmmipog etdo
per ccemde changase LEDs aretaldemdyor da§upeedent

reducing | ightingwiplolweyedtpyg 1o pterscaewnitngs i n al
and climate zones, the proposed code change h
zones. Seegtyheosen savings (benefit) of the pr

type and cl| AmpaeediSereé Siekftoironmet hodol ogy and
assumptions.

Acoetf fectiveness analysis is not needed to mo
automatic daylightingpaodatoolssent&EDAs Tbishe

2Q2ZrTitl e 2&F) nBASHE ReipRAr2NRL i g-R 1112



already proven tm bdrdecbdet aelfdfeelctiove hie prescri
(California Utilities Statewi.de Codes and St a

Statewide EneEgegerWYapamds GreenhqusHEG Gas
Emi ssilonpsact s

Tab2presehesesti maaredi ckceireapgayct s of t he propose
chantghewoub e reali zed sttladg didinaettidsantri ndie 2022 Ti
24, Praecqdu i6br ement sFafyetairn sefat eavi de ener gy i mpa
represkeynhedf oiné omwileeg t ri ciitny gsiavawagsst per year
(GWh/pyeadk el ectricali demaegdwatbthaaf ®MWhgas savit
mi | tihem ms pMMThyerfapns )(, a@dependmead t {tTiDE@mer gy
saviinigisl o Briti spmert h@ddkeBlt(ubmgistesc tGfoonr mor e

det @ainl ¢ hgehrr st at ewiadec uilnaptaecdt sby t he St atewi de
Sectdcoomt denhails -anithenpegy savings calcul at e
CASE Team.

Tab2€&i rYeta®t at emndyegntmpact s

Pea
Electi El ect Natur a TDgaEPr
Measur e Savif De mar Savi | mi | |
( GWh/| Reduct(MMher ms
( MW TDVK Bt
Dayl i ght Din 55. 0. (0. 1,20
10%
New Constru 12. 0. (0. 274
Additions a 42 . 0. (0. 95.
Al terations
Mandatory Cg N/ N/ N A N/
Secondary Si
Dayl it Zones
Daylighting N/ N/ N/ N/
Acceptance T
Cl eanup

Tab3presents the e GiHIGMAIt £9a sasvaociidactda@ wir oipo s ed

code chandgéhet hgeat andar déAvain e eidn GellGf eeni ssi on
measurmatninc tomsdiod x icae peegurii vaOteMisss umpt i ons

used in developing the GHG 6ad&naAmmpsemdek pCovi d
this @Thpombnetary value of avoided GHG emi ssi
factors and i s tohsdd fiercd laweehgesisa. t he
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TabB88e FiYeatr St aGHGGmMdesi ons | mpacts
Avoi ded G Monetary Va

Measur e Emi ssi ongsAvoi ded GHG |
MetricCOpaesk ($2023)

Daylight Di mmi 11,516 $1,223,00

Mandatory Cont

Secon&adel it D N7 A N7 A

Daylighting Co N/ A N/ A

Acceptance Tes

Water and Water Quality | mpacts

The proposed measure is not expected to have
guality, excluding I mpacts that occur at powe
Compliance and Enforcement

Overview of Compliance Process

The Statewi dewoOASeE Tweiatmh st akehol ders to devel
compliance and enforcement process wwonud dt o i de
havevami ous mamTkhet caempodbi ance process2.ibs descr
Imp actthsaehe proposevbuthalafumome mar ket actors is d

Sect3i.aBnAppendiAutBmati c daylighting controls r
pl ace since the 2005 code cycle and the propo
mi ni mal. Changes to the compliance process th
woul d be mini mal

Fiel di &t i éMc caenpdt ance Testing

Aut omati c daylriegghuiirneg accocneeptodpaett estt hg code
compliance Phecepsscedur e i s7.dé.slcrafbetdh @ nNdSrerce s
AppenAlutxomati c Daylighting Coahhprodpso sAecdk eqpd chen C ¢
change would make minor revisions to the prot
dim to 10 hpearedeintd.s ar e &deecst@rpSie e 7 .00 and
Append.i x E:
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1l ntroducti on

This document presents revammeéemneecCatoderahand
Commi ssion wi ||l be co2aB8BR défi yguf bavadopmment s
suggespgriiomrs t o t heaadaipltiiocat,itd e24stakehol der s
Comme mtid | meltedxred for public review or will |

The Codes and Standards Enhancement (CASE) 1in
to support the California Energy Commi ssionés
t h@al i fEonrenrigay (Codé e 24, Part 6) to include new
existing requirements hfroe€Ca lviafro ouisa tlecheaotl @rgi @\
(Il OwW”Ppci fic Gas and El ectric Compaann8yo,utShaenr nDi e
Cal iifaorEndiasi@n t wo Publ i icéist oBGwmend) elteisl iDtepart men
Water andnBo®wacramento Munidiepa&l nUtrielfietry edi ¢ to
Statewide CASE Team when iinscploundsionrge dt hteh i GA SeH fAo
programogoparle piasr et and s ubvoiutt dpuoped hlec dotsivat

enhancements to improve energy efficiency and
buil dings. This report and the code change pr
effort to deakl|l apdtechinveness information for
on buil dienfgf iecnieerngty desi gn practices and techno

The Statewide CASE Team submits code change p
the state agency thaevihaisomrutthorTittyl ¢ o244 doppar |
Commi ssion will evalwuate proposals submitted

stakeholders. The Energy Commi ssion may revis
Commi ssionds 2022 TitleaBduwebbeéeteufemakinhor s
how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topprecsesdgr amsfemeirdddfi inggiteanncdya r bsi/i 2-@l@A hredVf | Ci ency

Theb) eotffi CABEEe@Ror tr @ so mmehnadt emamsdatnogry dayl i gl
di mmi ng ceaqtiroé ment ssubceh uphdaat esdy stt@&nsp ennucsd ntdi m
instead of 3FApEe®memtp.radigharssevss ng exi sting pres:
requirements f or sdaylnidghty dismtiongdghhienzmamredat ory
of caonddeont ai ns pert isnpepnotr timegodmatcdhange

When developing the code change proposal and
presented in this report, the Statewide CASE
stakehol demsciepde¢lamadieng estmamag f tarest jumbewii lacdher, s , u-
incentive progrnamem&ragasares gy anal ysts, and ot
compl i anc el hper gocreospso.s a l i ncorporates feedback r
stakehol der workshop that t h&®eBttameavi,afed CAGIE
Mar c,h 22020.

The following is a brief summary of the conte

2Q2ZrTitl e 2&F) nBASHE ReipRdAr2NRL i g-R 115


mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency

SectdidMreasur e DeosfdrsihpCtAiISEEndR e atitbee smeasur e
and i ts b acTkhg rsoadngmoteiscamtvs t bdcehange i s
accomplished in the vmentoau st lsaetctmakes wm dt e
Par tSt&andards

Sectdidm addi tMao ket o Anhtelyississelctdesn a revi e\
the cwmartsdatr ucSteucrt8 .abkescri bes the feasibilit
associated withinbéudodeg whanhbher the propo
overl apxn bdvii th otilbenrs pdr tt he b usiucdhfrnagsest and a
sesimic, asafethesamaddahedsher technical, com
enforceabil ietxy schall enges

SectdiEmer gy ®Pawisrequdesu ntihte epn e r gye,d ud;e naaonad
energy cost savings associated with the pr
al ssescribes thd hmdhE&Ehatdewiodeg QASSE Teami mat e
peunéemer gy, rdeednacrtdi b ne rceorsgayw i ngs.

Secthidrmi s sierccliwdes ao fdhmsactuesrsiiaolns and | abor
to i mplement taeuamrtaisfuio eeaidcr enethsaal cost
i ncludes eisndrnmamerst aolf ma, nite@auapame ncodtid et i |
various periodic costs associated with rep
period of analysi s

Sect@idn fYyetat afewmdagness ¢ hdetsat eewniedregy s avi ng:e
and envi rioompmaecnttsp Foofp otcshedde c hange for the fir
t h2e0 2c20 ddeakeef f.8bt s i ncl udesentehrechymmobueht o f
saved by California buanddiinngp aocwnse r(si nacnrde at see
reduct imatsewiioanth emphasi s placed on any mat e
consi derbeyd sthaek e c of . Céebltiaft ®erwnidae water consunm
are méportasscni on

Sect7did®Pm opoRseevdi si oondseahQu &€@ @& c | tuddreespwir t h
specific recoimmend@debeasi ond¢r pfadddt i ons)
| anguageStfaonrd enflee r AppendAlctesr, €at cukati on
Manu(@GACReference IBampal anapddMmpluiaance
document s

Sect8idBn bl i ograpdiyt es @ Uitrelceets t he St at ewi de CA
used when dheivse |roeppionrgt .t

AppendStxatAewi d eMeSahvoidnpgtrseggnt s t he met hodol o
assumptions used to calcul ate statewide en

AppendEmbe&d&eéa@ctirn cWatyer Mpt hedot egyhe
met hodol ogy anus e dcsau oogutlihesdk re termbceidtdya d
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water(esge., electricity usedantheshrearvwg,y mov e,
savimgsul t irreg ufcreadm wat er use.

AppendEnxviChronment al | mpparcetsse nMest htohdeo Imoegtyh o d o
and assumpti onlsaituspalc G Coam Iscsu ons uasnmred wat er
anduality

AppendCxl iDEornia Building Energy Code Compl
Speci fpraseeshgvgogmoposed changes to the con

any) .
Appendimpa&tGonpgl i ance nPr\acrekseppr dsbdowst he
recommended compliance process could i mpac

AppendSwmmary of Stakehdlodamebndsesas gnatient
to eegyrado!l | alwort &t enar ket ac.tors and experts

AppendNamiGnal Savpngseimeabelneesr gy cost saving
nomi nal dol |l ars by building type and cl i ma

AppendRPe&r HUni tankEnerogst Resul ts byprPersoetnott yvpi
energy savimrergs omper foquarmach prototypical bu
l5% ear energy cost savings associated with
value doll ar s.
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2Measure Description

2. Measure Overview
Th&t atewide CASE Team recommends ctowndt sSroevi si on

requirements in Title 24, Part 6, as describe
2. 1Ddyl ight Dimming to 10 Percent
Thproposed c onoeuloddaantgege t heamanondat ocydayl ight o
contprodwi sions to require deeperilrledmicnamaes i1
| evel s wirteh ndeatyQuirgrhetnt code requires general |
zone to be reduced to 35 percent or | ess when
percent of des’iThe prbpmbsedncequwiuriegme mtenewad | d
l ighting power t o emd | ®aldhuipcseadp d soe dl Oc gppdeka cc hange
|l everages the prrdlaitfeer atgihdn ngf asdl iid s di mmi ng
nonresidential sector andlOpap&rckifmnmidmgraervtamatag
is already required forf ddabhidbulme MNa3flxi.¢ld ea Rdl, s o
Part 6.

The existing mandatory requirements for autom
new construction, additions, arnids ealrteesriaded ntnisa l
hotel/ motel buildings. The proposed changes w
Currently, aut cmnattirol| da ylrieg otnd m§ aree uti ree dc a mb i
installed gener al l ighting power in the Skyl:i
Zone i s 1020 hWatheesi can Soci ety of Heating, Ref |
Conditioni n®t &Emd@dDridEeesgy Standards for Buil di
Ri se Residen20h9 &SdASdHBAEKE20Q0OAcl udes a similar
threshold wbgqueremaotomatic daylighting contr
combi eacdr @l ' ighting poweAt itshd50i Mattthli ©r Fihn
Report was published, there i s-2@ltpheantd iwogulrdev i

reducwattthaage threshold in 90.1 from 150W to 7°¢

81l uminance is the amount of light on the surface of a
daylight on h surface of an area. For the raeudt,omati c
!

t
the amount f unlight, or daylight illuminance, that
I
i
t

e

0 s
the design illuminance for general |lighting of the spa
has been designedghoi hgveef &Gesetrall Uminaires and | amps
overall lighting to a space, as opposed to task lighti
specific need or task. As an exampl e, tiof deen ioMdefri cled Ifiogol
candl es of gener al l'ighting to desk areas, the amount
space and reach the photosewaond| msstf obe tmer autlhanmatls fd

controls to reducé pogdt i hg Slystgener a
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approved by the full ASHRAE 90T h8tcaotmmiitdeee i n
CASE Team support sretchoinsmeérhedvsi stihoen Eannedr gy Co mmi s
with the pending revision to ASHRAE 90.1 and
when theedombner al l ightingTipiosvepr o gog&dV ohaim
would modify ExceptiohhiBeportSedde®nndt30prig sign
documentation for this proposed chamdg,zi mgt t
t he efofséect amenese®rgy savings associated with

threshold regulltehenpesawmidiier gg Cbemi ssi on i n
of the Ener gy @ountne nsaskiionngd sw oprrkesehva ps i womesr & ot h e
daylighting requirednents will be di scuss

Thproposed c oddoee sc hhaontglegep @ stce i pti ve power adj us
(PA¥alfuedrayl i ght di mming plus OFF dHomtveosl s i n
| anguage has belear iudgpylaf lkad dtoimmesmygs gmal i fy

St eppaeadnmeggt ems wo ufy dfthoeo td agguoanl gilh to uriurpg u s
OFEretdanguage has al so béden PAfFdataednow be app
secondary sidsel it daylit zone

2. 1M&ndatory Controls in SZaxmensdary Sidelit

Thips oposed cowndoeulcdhamogvee t he prescriptive requi
daylighting controls in(S®dc@edariyd @stihdeel it day
mandatodboghti ngecantomolos Title 24, ePmerntt 6. C
for automatic dayl i ght i npgr ecsocnrtirpgthisMmeng &®Z6r ok
requir®meaé¢ this i s tlhieg lwtwinyg il e s argiapkteidvoe nte r s
have r ephoerrteed s confusion andommicieenrad ncatdoni
procwlsest her contarroel sr eignpi&@DeZzdscul arl 'y when t he &
using the performance approach where this is
a designer could opt not vteo tihrestraelqluiasd emgera
Mo vitnhgee qui r ement s SfDEt oc ménted at e c ywoours dmp | i fy

t hlei ghtingqoontmeshiulbsequdret cymphdahoecement

procfeers |ighting controlaln dgfihies datydngeéetwaowl d e:
in Title 24, Part 6 with dayl Fghahdgpremgauseedec m
changoeupdovi de certainty about when daylightin
whiwbhumake it more | ikebyatbkhatohitigbtled wht BDj

“The proposed revisions to the wattage threshold for ad
recommended i ot AJASHRARE) PD. 1This addendum has gone thro
period and was voted oln cbhoymmihtet efeuliln AsSuHMRWeEr 92002 0. One a
commi ttee vote is required before the addendum is appr

2Q2ZrTitl e 2&F) nBRASHE ReipRdAr2NRL i g-F 1119



2. 1D8yl ighting Controls Acceptance Test CI

The proposed code daahreedgrea necewdl ddayl i ghting Cont
Acceptande® Textedi tompabvert bfeesd inldinli ictay of
compl etti eegtlet se@ggresviedidametsakehol dersd comment .
existing test prodiefdiuireulits amcil mposainkl e to e:
Specifically, the proposed changes woul d:

7.Adjust procedures to verify and document t
controlled luminaires is at | east 90 perce

8.Fix numbering errors.

9. Adj uanguwangle fortmatdliengr |l y depi cfRetkheestep w
Locadiison dde n tTilfiedepif au | because the Reference
mentioned multiple times throughout the re

10Al l ow the full daylight hcondigtiaombrti ghbel $igl
phot os,ensshoirch makesfbt €he technicians to c

11Cl ari fication that the automatic daylightir
be applied to the secondary sidelit daylit

12Add adnt ernative partial daylight test to ad
feasibility of wusing the current partial d
dayl it spaces with dark .glazing or small w

Stakehol ders havecexmpearbmsstedt BemAtiaanced Dayl i
Controls Accempt dmee Ehestpy rasnpnoinsssei @ he Ener gy
Commi ssion has devel oped s u.ggTehse eEn eregvyi sGoomnsi S
stated their intent to upddatog thred dt eosnt sMad wrhi nl
(California Ener gyanQ@cnmmeiassseidteepd 2 @G2almgrubl ic
review on AugCsal i 1®drn2@a2&ner gy CC®teanti eswii den 20 2
CASE Team agrees with many of the i mprovement
suggested, but sugogdsatrs fdideradt | addsi tdi sralseed i n
this report.

2. Measure History

2.2Ddyl i ght Di@OnnH enrgc et not

Mandatemgwyi r ¢ seeunttosmat i ¢ daylighting controls we
2005 Title 24, Tkheer tdaby | Stgahntdanrgd sc.ont r ol require
accommodanoectd rhmreo h | u mit reacthinmn ogy sol ution that
t he :fil merte ssceeinr c e o ewii tmmissugeopmatyil d gcb ht ngl s
werreeqgutoededuce | i ght out phwiteaddtwhleal foyvise e e a l I
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adequate dBlyadutgdhmatmigc daylighting eoinnedlimeq!
t he 22000183,, and 201lt6o cadljeuxtycfl®rs changes in tec

ambi guandiensp,l i fy cod&®ewermpll i afrccyebeser eii he ment
have a connection to the proposals in this re
|l hbhe 2008 ,Sttamédamdsi ¢ darytiriegdhgiirnegnent s wer e up
require that | ighting output be reduced by at
is available. ThibBeermrquipsdatokeths Gaderiether ati on
thodghghting aed hgode ©rebvhogleved over the past de

Il hhe 2013 Ti 6tang@drtdnPearrtegéui rements for aut ome
controls were si mmsl idfeisecd | Dieg@dBii f@AGd&ErEetRleyp or t on
nonr esi daeynhttiganbgr t he 2 Qv 8 g eaol dceu, | natt ihevma s
introdacseidmplify the method to calculate the
(California Utilities Statewi.@Gemgbidascand St a
procewsmra mplfiufritelydedrdr e s ieng ht eshotdi gger ed
phot ocroendq wiod eTmaebn tes-AlvBala lls o added i n thend2013 c¢
i ncl thkeked equi r emetnt asvtégheap &lEDsi t y tdd bredmwteiemuous
1 d0percent

I n the 2016 Title 24, Part 6 code cycle, requ
adjustment controls fwerrugpthat@dpmmevendnt styasmgensi I
t he photaonsdecsd d wravl i br at iton rbecandi ft 91 SoOcassd hlolr é z e c

personnel adajnu sntankeent s t o dayl i ghttihmggaaermt rol s
as reviisntogreiodren efyl ect ancien c ccunpganngceys c cupant
requests for more or |l ess |ight.

I n addition, theS2@abh6addcsBArABRD4, dBgtiglting co
that include the OFF step (i.e., controls tha

avail &bel eg)o.aln eonfp riid®A Wvas t o prepare the market
strategy as a mandatory meRlsage riavitdhieo 2D 1DBr e«
described in the 2n0h6e€ABEgReépbditCadntfroosing a
Utilities Sstaanedwi SlteanCloadreds Team 2017)

Il n the 2019 Title 24, Part 6 code cyche, defi
St atewi de GASgH rTselmerd a code thamgwoplrdplosaé up
the mandatory automatic daylighting control r
zonweuheded to IOWFcH atdtwihmgq suf ficiest adayl iadh tei. |
The 2019 CASBo Reg@oirthemtoigaltconng ol s i ncludes a

submeasure, fimandatory automaticoda@gl sghepdr i
explores the technical feasibility, market re
effectiveness of @l @&Fdateqgmuy reeimamitng As di scus
report, the Statewide CAPE OFdamafsoured htnhataldiy
and cost (€afetobrmea Utilities Statewi.de Codes
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Il n responstat ewi dbeCASE Tfearmobtsher2oPlS adbanke cyc |
stakehol deraddit a@FReaet hiapd i ed t he need for arc
di mmi ng ,sywhieatsomtaiveu onms mgppeeo cent aonrdsl anvoere

expensive than ¢tearhadaHavmdMeemiSitgat ewi de CASE Te
not intend to requi.gTéhean anhietnd ctwarsale od ihdamien @ n
not continualuls Whemwiing tSd a®OFmwi de CASE Team in
industry experts to gather more information o
with dayligh®&8Bi mmhngugh these interviews, th
verified that the cooltu®FnFd weirnee nroetq usiirgend ftioc adn
than those required to3®emceaotpoBemel explstise
t hough, t hpltO&HKF momo inlgd | e o ptagrdm zree It ihab il lointgy o f
systems due to |ine naiyscd iaamgd frequent highl|

Ot her stakehol ders raised concerns regarding
di ssatisfaction resulpgli@®F firmmofdfaiyd @€ gthd i Idd immg ¢
and other areas where users expecti dbhtihmy.e mo
These stakeholders argued that inambmdiltdirmegs w
OFF, buil di mgyecdwmmgdntned t o ilgdltiiege stylsdte mt lwa s
mal functioni n@anwhem e RaMpuadt edt sabl e the entir
dalyi ght di mmbung cemseems regarding both cost ar
the Energy Commi ssion did not adopfothe State
mandatory automatic dayl i gihtthea i 2l 9 gc gd au sc YOI Fe

Wheoaonsidering code change proposals for the
Teaeont i nuegdatiinovness tikrettoe pt anceacewvrdednsing the
code wiythet hefiinndienng aosfsur ance that market act
f eeolmfoort abplusir@ilhfia rseineinitar thoe eAB&ERAEA 9 0. 1
for sever al Theo ddd adyeomMi alec €CAGSEcTedmoutreach to
manufacturers, contraxcte@ra,nceke die@dddrse,c haandc i an
Specifhea$t gt ewi dea€RSE&E deem three dozen manuf
contractors, desi gnerfsorantdh eoitchaefrbk esdg batkcekhaorl vdeesr tsi
wheat tiemgi ght Fair 2019, Strategies i tShiwght, D
WesTh8t atewilEHeTe&€aAr8 al so Oworikfeodr nwiat hLi ghti ng Te
Center WiCadR)ducesedamadhst akeholidec!| odit ng@ach,

di scussions with the .Crilniaflolryni at hEen eStgayt eAwil di ea nC
conducted a survey of ATTs andubtskpdydored eed
stakehol der meeting he(l 3t aothe vBiedha eCrbhEE THeaml 0201

SDaylight harvesting refers to strategies for wusing day
needed. Dayl ight diewdampmpl @l afs a@OFdaylsi gt harvesting str

6Cal i fornia Energy AlliancltOtspweblsidenecmany dlel if ovad. hregle
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https://caenergyalliance.org/

Thecontinued investigation into the di mming pl

T Confirm that di mming plus OFF (without arc
feasi bl eefameciciose.

f Find quantitative data to determine buildi
daylighting di mming plus OFF.

f Ildentify a solution to concerns that build
di ssati sfactti oinn wbayl ldi ghetsiung control s beinc

The Statewide CASE Team has confiomedthanding
di mmi ng pl us OFF aiss btiddhnyi caldlels wiotse a& fJiegnii fviec
attempt, the StatewifdendCASEI|Taam cdaied dgd ta

di ssati sfdayliioghohtwidihmmiomdg.Tplesse WkEF e no speci f|

examp,l eanecdotal or qualitative, to determine
di ssati Gdtaceaom. di do welwstnet akehol ders contend
buil ding occupants would be confSusnmeed by a di m

stakehal sepsrnasvdergbpondi mmi ng poétwusd OFffatand
designer pspéechi eectuarmad edédayoi ngrchiteéeotural
comply with a di mming plus OFF requirement de

Des phdaeaeramec deotiadence that both supported and |
OFF swoeupp d face mar ket acceptance challenges,
datdne Statewi de aG@GMmIH elreacnoncrete evidence t hat
concerngsafAsed. r etshud tSt at ewiide ELWAISEuiTre@ama cod
change that woutldmatipandaylhieghatui ng contr ol rec
deeper power9 0 epdaiwrcaamtnsr gduction in power or 1
remaining) .

2. 2M&@ndatory iCon$Sewmdrsdary Sidelit Daylit 2Z
When speaking with stakeholders about potenti

requirements, the Statewide CASE Team receive
automatic daylighting control reqoitremewbs | do
make the code easier to understand and comply
automatic daylighting controls requirements r
to comprehend all the requirements.thlehis resu
daylighting section of the code. Moving the p
daylighting control swirbd d lheecnrmmmpleaetxoirtyy .secti on

2. 2D8yl i gt ComMcrcelps antcCé ebersup

ThAutomatic Daylightingtdiomddripd ® yAacspmphee T
met hodolkcogytittantr echieauednohayilci ght smge cioms tr al | ed
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and theay are f ureccttiloynitnmg ncecert t he intent of th
functional component vefritfi ecoalthmpd soceel t ght 5 n
powert hley requi wde namhente i, s afmndld 12n d aoyrd vugnhdte r

diwhen themadaiyd i mannti Ftuhd odanydiitgihdn ivhen t her e
percent -ddyltihghmhoel ectrical ughi n n@vheerli énpnancg an c «
during partial dayl i dfihte @raddetrrikeenrsy gicuarni nrge stuh et
than it waowlhdebedaty !l wigthh i thnlgg. Uhd-ghmsmi ag can

resul t-lih epedcders namches the energy savings fro
Toverify that | ighting power is reduced by 90
conditionstanarteh-atotludgllmmed during partial da
conditions, the ttecshrmri aitan haecmp lceotnedw.t iTohnes a's

current acceptance test provides unique test
daylight condiotwisons sihe hgmentitest s7 .deskt.ora2.bke)d i
andtepped switching or stepped di mming contro
NA7.6.1.2.2).

1 .NoDayl iTgsf hbBoDay!| iTg$itt i s conducted at night
drawn andcekgeredhdsring the day. This test
l'ighting is proendi hgetbkbeafel hoounpdwverten

problems. The test accounts for modificat:i
cal i bfratiiggdnnd t r i mdeaTrhéd $se t Rsfter ence | |1 |1 umina
the minimum ambubomi(ed recetralc | i ghting and d
shoul d be availabl e

2. FulDayl iTgs:fThe Ful I Daylight Test confirms w

control functi onsh. |DRwreilnsg otfhidsa ytl @ sgth,t hairge b
roomhis test confirmsedbae fkihgeghtsiysdg emowed |t
amount . For the 2019 code,dbhydhpengepower

more. The proposed code chaegetwobldyr eedaqui
at |l east 90 percent or turn off at high da
when di mmed to theiftlfintikneirmuins soebtsteirnvged, it
the flicker is not fixed, occupdret sdimay nlge
syst®kehme Statewide CASE Team recommends a m
would allow technicians to si mblratginght gh d
into the photdobiostrevi seasomakes it feasi b
compl et e etvheen tigstfull daylighting I s not av.

3.Par thaayll iTgsfT hPar tDagll Mghttusesd totbentionmr ol
gain (the ratio of electric power reductio

photocontrol) is adjusted correctly. Setti
el ectric Adiignmi ingmg davemg the day, |l eaving p
they would have when there is no daylight.i
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| ow Ilwbur esul t i n mini mal di mmi ng, whi ch wol
potenti al oTfo tchoen dsbacsttDEghlleiTgHtt t her e shoul d b
relatively high amount of daylight in the
readily obweveanbl RavHpg too much daylight
di fficult to evaluated whether the control
daylight CwmrdentPomntDagygh efgdrtequi rats that
Reference(bppasi ba sindees offr osm dweilnidto weso) t he
dayliilglhu miisarbed ween 60 atnhde 9e5 epcetrrciecn tl iogfht i
i I I umiTnhaen cpeu.r pose of this Iimitation it to
the daylighting control sghtsi mgeitthheers game hnc
| ow and not saving enough energy.

Li ghtAiTdlgave provided feedback t hasaddeptcabrireent
partial dayl(iigdeaty,lcioghdti thbihmenabbeandr95 per cc¢
el ectric |id¢ghumimalded)tgmemel vy di fficult or i mj
t hRrarti al Ddywlri gllaty | Te sts pacess mailtlh wd asdkdvigdaar zeian
problem is compounded wheartbagimpglestggn§orcohe

secondary sidelit daylit zone where the Refer
away from windows than the Referentédulsoeatinon
|l ess daylighd cenavaml abhbecomtdracglys sfrare |l tihe zon

funct i orneiqnug raesd

To address this problem, the St atdadwindge a®ASE T
Al ternative Panthiadl cDayfldcrdpet uB@oxitus di mmi ng co
syst.dms s additional optionalobhesh desesgnbhept
Parti al Daylight Test. Rather, it provides an
any building and may be particularly wuseful f
wi ndow aréklatser nfehtei ve Patptrioavli deasylaidghtt i Densaal 1
retaining the key characteristics of the exis

TheAl ternative Pamwmtsiesl aDaylfifghtenTe #$ntedinrse ¢ t o de
sufficient il luminance eé®» a&odipfl feearcentheapmrsaac!
i f ctomebi ned el ectric |ightindebtaddeadagtliisgrht i | |
within an appBotpht hefse madbhgenati ves are discus

Theurrent Parti al Dayl i ghg 9Sesutsefmwdoocronti nuou
il luminances at t hteo Rleelteie hedinacyel ilgohcta tcioonndi t i ons
sufficient to compledagligattestumbpaébei makly
percent and 93Reper delouemionfehntchgge.r oposed Al ternat |
Tewtoulsseut door hor i zotna eatl eri rhil uens inlamnmfckceceent d:
i Il umitmamcoe dtuecStp ¢ hief he ®wttyl, dtrequire that the
horizont al ambient iédtueni ntama rec adnuddl @e@so frasnodi & hger
indoor il luminance at the Referen®kef toemateé on
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Il umi nMManseoutdoor il luminance | evel i s achiev

winter when there areheldcay otkhers tainmde smoaft yd e
skies.

To est absl irsehvitshed apmreoacth tthoerdeetiesr miuf fi ci ent
t he thesiSt at esi dec CrABBIEcdTmdenmmdamaley sval tate t he
annual clear aukiyhdhéel equadnors i n G ldlegare s&ky

1984dhe spreadsheet evaluates the application
frequeneoy ftsrawdd h this alternative test method
anduns angle and includes both direct beam and
tabul ates the clear sky total i Il uminance by
experienced Rewairl tas yweerT.abéd bt etdaded cell s in
the hours that il luminance is higher than the
hori zondandlIfeoso.t This threshold meets the desir
tesd® be conducted any time of year as | ong as
typical mi ddl e of the day il l uminances. The a
enough interior daylight to result in a measu
system power or | ight outRauttDafgdriTgahtts uclda sssf ul
proposal would expand the range ofTeappktobabatio
be conducted wusing ambient daylight for this
Figddepicts the current acceptance test, incl
i Il umi ngens ef arant he No Daylight Test, Ful/l Dayl
Test .

As s hoklving@me the daylight il luminance in the s

can be muuwhi dpwtehre Al ternatitven Pahe i alr Daytl i Ba
Daylight Test
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Tab#e 1984 Clear Sky Model; Tot al Hori zont al I
Wi nter and Summer Solstice and Spring and Fal

Hou Tot al Hori z Tot al Hori zoTot al Hor i z«

Il 'l umi nancelll uminance |1l |l uminance

Wi nter Sols Spring EquinSummer Sol s
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 37
7 0 1,0 1,7
8 6 4. 3,0 3,8
9 2,0 5,1 5, 8
10 3, 4 6, 7 7, 6
11 4, 3 7, 8 9,1
12 4, 6 8, 3 10,0
13 4, 4 8, 1 10, 4
14 3,6 7, 3 10, 1
15 2,3 5,9 9, 3
16 84 4,0 8,0
17 0 1,9 6, 3
18 0 36 4, 3
19 0 0 2, 2
20 0 0 58"
21 0 0 0
22 0 0 0
23 0 0 0
24 0 0 0

Note: Hours where the total horizontal illuminance is over the proposed threshold criteria of 4,000 total horizontal
foot-candles are highlighted in yellow.

Sour(c@i:l l ette G. 1984)
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No daylight test
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Partial daylight 25% light for fluorescent

test 0 i
60% booooo | | /z S _____at150%of designfc __ |

Electric Lighting
Fraction of Light Output

40% [==---=mmmmoe \\ . AN "~ " Full daylight ™ |
test
20% b o e N | I —__—_—__—_—__—_f_—_—__—_—_:
- Compliant
Min light output (10%)——> - - = - ——— — ®

Range

0%
0% 25% 50% 75% 100% 125% 150% 175% 200% 225%

Daylight llluminance as a Fraction of Reference Illuminance

Fi gur2e019 Code: Daylighting Controls Compliant
Out put Relative to Daylight Fraction of Refer
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-5' No daylight test
o (design fc)
gp 2 100% BT T T T e oo
c 8 Alternative
- - Partial Daylight
-DCD o 80% P NS T st T 90% power réduction” ™ |
- %0 10% light for LED
S T o ________@3t150%ofdesignfc ___
~ O
o c
L 0O !
Tt I N 7 N 77 Full daylight
(0 test
[ .
L 20% e AN D - ;j -------
10% f==—————————— == - — - - g - —g "
Compliant Range
0% p g

0% 25% 50% 75% 100% 125% 150% 175% 200% 225%
Daylight llluminance as a Fraction of Reference llluminance

Fi gWwlrPer oposed Alternative: PRayli aghDagfgi Ggont febk
Compl Ramiges of Electric Lighting Output Rel at
Reference ItobtumCoaniceuous parmmemtg to 10

Under the current Partial Daylight Test for <c
di mmi ng systems must hagbtangomhidnddyél gbtrit
Reference Location that is between the Refere
Ref er éinncuemi hahlte acceptabl e thanggac® nwii Irimsn a th at
in the day t had &haa hleiignh tgsh twneladimelwehat t o achi
ener gy seaeHIingg®dr.e( s

Under theAptepose¢ee Parti al Daylight Test, com
have mbicmed electric |ighting and daylight i1l
is between the reference illuminance and a pa
maxi muBrCl Max hat i s:

PDCI Max = Reference |l Il uminance + 0.40 X Da
Tk rationale behind the equation for PDCI Ma x
' i nEi g@r eThis represented the combined | ight o
continuously dimming from full output (refere

availabl e to 10 wheernc ednaty Iliigghhtt p@su tpeuoty | afi ntgh €1 5 0
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reference .i [fAddrhi rddmmee agmbi ned i Ipleurntiennatn coef itsh e

reference il Il uminance. Al points in between
200% ﬂq <
Combined daylight + elect lighting fc _%(\"."eser;\
Electric lighting fc Ss\\\ @]06
175% L - k\)\_\ Ct___
6’5\‘\.@}\
IS0 R e T
150% |- =========-c-cce e — e e === - -l ahhbbbbb
ol
x &xDa\'\‘gh
125%|- . ___ erett e o ____]
pC\ iax
4 IAcceptable
100% Range - ]

rih A R e e e Ty

No daylight test
50% (design fc)
Acceptable

Illuminance as a Fraction of
Design Illuminance

LY e e i
10%f === ==========-mmm - mm Moo ___®
0%
0% 25% 50% 75% 100%  125%  150%  175%  200%
Daylight llluminance as a Fraction of Design Illluminance
Fi gwBrPer oposed Al tretrinaalt iDiaey IPlaght Test : Dayl i ght
Compliant Electriandi ombinge OuRpPpluami mante
Daylight Fraction of Reference |l l uminance fo

2. Summary of Proposed Changes to Code D

The sectioummarbibdbavwset andarRdesf er ence AApgree mdit ¢ &,
Cal culMaett ihd®YMRef er ence Manual sdo caunndevictiobneb | i anc e
modi fied by the propo%efd thiasngerep Sett Sectdenhal
revisions to code | anguage.

2.3Sdmmary of Changes to the Standards

This pmwopmeal fy the tfiodnlso wilfeg 2dsc Bapbivn6 bel ow.
See Set.tdfon hi s nraeg keepdto dfemmguage.
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SETI ON 1I'®Eflinitions @amds tRrud cctsi arf

Sectiloo.HR2:A def i nDayloinghmtf Gonti nuous Di mmi n
change i s tnoelcaersisfayr yt he type of dayd¢algihm con
the dim to OFF PAF.

SECTI ON iMath.dlat ory I ndGonttohbs&ting

Section TThE. pud)pose of this change is to m
requirements for automatic daylighting con
her e. No additional chand¢esngahgieproipdsgea t
necessary because stakehol ders have report
uncertainty during code compliance verific
SDZs are required and this change woul d ma
and c omnplhy.

Section IThGk. pud)pose of ctahpiist aclhiazneg ed eifsi nteod
t hroughout SectTihams I1c3hOa.nlg(edhiedi prpercoevses ary t o
readabi |l ity

Exception tadhk3@uX @paod)szz: of dehsicsr ichhhéabimgoew i s t
and otheratelliidghting sowirtclesr sthmeédt bteo t d @y
contr ol requirements. tDhire molvaen @aenbiigundegyes

Section X3Mhplurdpo3se of this change is a rec
to 10 percent or | ower when daylight i1l 1 um
i 'l umiTnhainscer.esul ts in a deeper reduction in
|l evere met withedaypllnBdgaStdasasr etqui re dayl i ght
reduadcegenelriaghti ng to 35 percent of rated poc
il luminance is 150 percent design ill umina

SECTI ON i1PP4C.s&criptive Requirements for I ndo

Sectiod(dp®He purpose of ctlihaiysi tdhaaqrugpd iifsy tf oo |
dayl i githgditmh®F&ontrols must pravide cont.i

Section IThE. p@ud))pose of nolvies reelgaun ge mesnttso f
automatic dayl iShZfsirrogn d diret rpales cirn pti ve sec
140.6(b)) to the mandatoMyhisechaomeSesali P

becautsaek eshol ders have reported there is con
code compliance ver i fciocnattirimoZ&Dpa roe esesd wihred ch
this owMoaungle make the code easier .to under st
Al t hough it | ooks | i ke al $bdeamgsutarguectksn Sec
ent i, r ety reqguwWiDiZsmeret Defeaar i ncorporated into
i ncilugd all exceptions.
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T Tabl e -A:Z6.s6 propos ed amtealPhdef or Dayl i ght Di mm
pl us OFF toc@dnatrriofly t hat stepped di.mming syst

2. 3S2mmary of Ch aRegfeesr eenoc et hfeppendi ces

T NA7. 6 .QomRt.ilnuous Di mming :Renmt sbbnSysbembi s
i nclude:

o Adjust procedures to verify and documen
of controlled | uminaires is at | east 90

o Add clarificatipnwherRedechweeiofcyetti oen g tse

defined.
o Addl arification that full daylight cond
bright | ight on the photocontrol

o Add aant erpativael daydighs staskehol aer co
with the fegsthel cuyrehtupantial daylig
particulagdliy ispaces with dark .glazing o

T NA7.6.1.2.2 Stepped Switching or Stepped D
Adj ursac epdtue esa fd/ d o ctuhmeetietg ht i ng power reduct
controlnlaeid elsunmis at ilnesatseta59e0o tpeenrtc e nt

See Sert.tdfont his report fserd trlreevi e toanisl eéd pgrhep d e
reference appendices.

2. 3SBmmary of ChaNogrerse stiolAe&€ifteiRe!lf er ence Manu

Sectionfb5thebAEMeRcewdMalndhadupdated to reflect t
standard design power fr.€atrenthpwd t hghmi autmp
l ight output fraction or power fraction used
' ighting source. Theren itshe A QM kRiepf e raebn cee (MaanbL

identify power fraction or |light output fract
woul d set the minimum power fraction and | igh
the values for LED | i glatoThrig®s alstiemilnrf itchaeg ilomo

becaube | ookup table woul a@andoubéedndelrebedr £f em
ACM Reference Manual

Section 5.4.5 of the ACM Reference Manual wou
controls fordeathZrsy ,arreotmamr escri pti ve.

See Set.tdifonr his report for the detailed propos
ReferenceApwmeucapreBPents proposed changes to tt
softwahriech i ncludes modifying the default Stan
percent instead of the current default of dim
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2. 3Sdymmary of Changes toComgl NemcesMaruwmal a

The proposed wooudred dathhaen gfeos ¢ oo mghldvrer esi dent i al
Compliance Manual

T Chapter 5.2 Gener al Requirements for Manda
T Chapter 5.4.4.4 Automatic Daylighting Cont
T Chapter 5.4.8 Summary of Mandatory Control
T Chapter &5.pa iRreesbDaaryl i ghting Requirements

1T Chapter 13.1 New or Modified ROdAdOptance Te
T Chapter 13.24 NA7.6.1 Automatic Daylightin
Theompl imaamcwaduheed to be updated to account f

10 petbeeauceri enooivydesdandcdiemminng t o.l35 wpoeurlcde nt
al so nepdlateo | amguagtahodtmat i ¢ dayl i ghtdameg contr
mandatory and move the@héapbDed4 Chapter 5.5.3 to

See Set.tdfont hifsor eplhetdet ail ed proposed revisi
Compl i anucael sMan

2. 3Sbmmary of C@GammgleisBdaoement s

The proposed wooudrsd dd i adiRgCeh &0 2A Aut omati c Dayl i gl
Control Accept amcaddo equmewn peaeiyd r Mmoarnmese must be
generatedponj acthrmapil s ofdobbemerts pee@sented
Sect7 .o

2. Regul atorty Cont ex

2. 4EXi stRiemgi rements in the California Ener

TheMandatory I ndoorsécghonngf COntrel 24, Part 6
i ncloudguairemeingthst ifror comtut @matiimcc ldadilinrght i ng ¢
Section 130.1(d). Curtbat geqgeraéemengbtspgcl
parially in Skylit Dayl it Zomeesdb@rocPmitmaidy edi d
i ndepenadnednitglhyt i ng powe3d Slee creend u avéd o retcdeh & easr e a
dayl i gihd t*tS5hGtperaeathddrincer de si g needviell k @ WSiescatg o n
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140h&s t he egjjammeané¢ salflorgeneral 1T ighting | uminair
Secondary Sidelhat Dayeéi horZyo nRisdehlei tPrDanal it Zor

Gener al l ighting in enclosed spwtlkesatbannacete
l i ghting | doard gorfe abt.esrW/nfute v ehawenmublt st tehat con
number of cohdablo¢ -AE3@pb|l AnI2QUEDiecs be capabl e
contiduombegwééand AO@€Ocent .

2. 4Rl at i onRsehgiupi rteom®O®n h®arns of the Califor:i
Code

There e@rqaimements directly related tionthe min
ot her parts of the .CaHoweorenrippodBruant di ngr €qgdier e
in 2019f €&ani a Green Building Standahas (CALGT ¢
encourage dayl mglket db&édei deer Toand Tidrn 2 ener
CALGr.eeami t her om®m@uiosi ttewor eopqui rement s must be m
| nstal | itn g gd ayelvei ociepsl yT hwaitten 24, Part i6 Sencet iodn
the five prerleguadhibiggpt(iidodsdarceesst ory fenestr e

interior and exteriontleoiiozomanal églisamges @r | i gh
dalyi ght i nt o wohuel ldsepraecfeo ragntlien mrpegpaosed uni ty for th
to di m.

2. 4R81 ati onship to Localws State, or Federa
There are Ihocsatlaldeev detder al | aws.

2. 4Ré&l ati onship to Industry Standards

ASHRAE i90c |llmdedatayyi ght di mming domtr ol requi
sidelightingian&eTop.bragldte()fg , .Fegpaottihvel y
sidelighting, amlle t ©o@rrtiengdultcsenmuisgtht i ng power con
to 20 percenOFBrd tASgrMMBrhbhisncl ddgti ghting

di mmph@®FKF equi rseinmrecne. AZSHIRAAE -BD0Blah 80210 Ir% qui r es

automatic daylight dimming for all space type
areas, storage rsogounmasr el dsesettnlgamgqusar t er s in dorn
guarters in fire stationsd, faancdi liinmaige sn gf oarn dt hoep
rooms at heal tfrhcatrlee faali ¢éstaresa space type, al
di mmi ng controls are required for skylit area
‘"’Daylit Zones are areas that are eirtelceeri vien dary | 9 kgyhlti. g IStks
Zones are the areas that receive daylighting from skyl|
adjacent to windows that receive daylight. Secondary §Si
wi ndows buttl ymwoadjdaaert to them. They still receive so0me

adjacent t{CLWIChR2dDwWS )
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2. 8Bompliance and Enforcement

Thi s sdkeesdroinbtesomplwy wi th the pr.opgdsed smwo dle sach
the compliance vé&ppendake&enpsobewst he propos
coulmadtm vari ous Whaemk elte vaedtoprisn.g t hi s proposal
CASE Team considered methods to streamline th
process and how negative i mpacts on mar ket ac
could be mitedated or reduc

Thactivities that nepdaetbhecpunpjdoti ageedeblcr
Aut omatic daylighting controls requicroedeent s he
cycand prheeposed refinements to the requirement
compl i anceéehpatso tibeesesn i n pl acewduwlrd obvee rmian idmeala.d e

1T Design Phhaseg the design phase, the I ighti
ensuring aut onngatciocntdaoyl Isi gahrtei | ncoarnpdor at ed |
specifying controfrsquhaemmeées.tlbecddsi gn
documents intent te TEommldpoirnLi gdhtNRQC Cert
compliance document and other | ighting des

T Pertmi ApplicatPban®hasaminer review design
confirm that the deasaiydn gdoormlgile sr ewgiuti hr etrmheen t

T Constructi dmneaBhamati c daylighting control s
commi ssioned during thBheohasttaiulcs i amd phapal
these controls arelLd@B€Eyumeéehee€ernhi NR€Chte of
for Energy Management Contr ol Syfstueshhenogr L i
dayl i ghtpld®O&fmmiAreEg edi t, detail st &aMReC-LdTolc u me n't
05 Power Adjustméhée €antoobsfmumt be

programmed/ configured so the system can au
strategy that is tested during the accepta
functional performance testing on the cont
acceptance tests and t hAastooomanii scs idanyil ng hgri
do require acceptance testing. The accepta
Section 7. 6.sli ddnttihael Nompendi x, Aut omatic L
Acceptance Tests. The proposed code change
the protocol to account for tThhee rAeTqTui r e me n

compl et es -t THOB-ANRBIAI glotnitnrgol AcOeguameat a
passing score on the acceptance test.

T I'nspecti ohhé&hlasiell ding i nspector confirms ac
compl eted and the appropriate controls wer
reviewing the NRCA documents during inspec
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3Ma ket Anal ysi s

3. Market Structure
The Statewide CASE Team performed a mar ket an

current technology availability, <culrhreent prod
St atewi de QASEnN Tceoanns i d preg osewd tsheandard may ir
mar ket in general as well as individual mar k e
the increment al cost of complying with the pr
and measure applicabil ietsyeawerhe aindle rotuit frieead ht hwri
stakeholndémusdi ng utility program staff, Energy
of industry actors. I n addition to conducting

Team di scussed the currentti arlarnkaertk estt rbuacrtruireer sa
stakehol detr h anteSetttateegvi de CAeSEISE®OpnaBImber 5, 2020
Mar ch 3, 2020

The mardc«eayl fgohting ciom¢lrwdi s@!| udt momai re | evel
(LLLECwi red and wirterloelsss wphot esbvoabli shed in the
(U. Fabbssummari zes the mar ket actors in the cot
chain.

Tabbe Lighting Distribution Chain

Mar ket Actor Core Function
Manufacturers Producti on

Whol esal e Distr/Distributi dmagadfstRrcosdu
Manufacturer RegSales Generation

El ectrical Cont|l nstallation and Sal e
Commer ci-lbbderEsnd [Deci si on Maker

A201s5t udy conducted by Bonneville Power Admini
di stributiod bfamaeaubfaosarers to sueslelr sl.i grhhtei n
four channels include wholesale distribution,
Furthermore, both-hionmdepemadehaacandeirnrepresent

brokers f or pdealisn,g tamu i mport ant (rBoolnenevni Itlhee d
Power Aut holraibtbgeutnnab) zes the key points about
channel
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Tab6:e Mar ket Channel s

Di stri |Description

Channe

Whol es T Domi nant channel

Di stri T Not all i nventory is physicall
manufactusbhspdddopectly from f

Ret ail T Selling product sr @gthaiolugfha a irlaidti

Onl ine T Sel |l i nghroorulgshi tasesdbhi ppi ng dir ect

war ehouse
T Of feri nagc unsitnommer servi ce
Di rtec T Small est channel used by | ar ge

T Proddiagtect t owcdints umseiprad t vy
representatives

A numbemi omahefacturers have been adding | igh
lines as the demandnéoetMeépht hegadomancement o
state |lighting technology, which enables easi

opportumintcineosheitgoht i ng r ewiattdeidnifgehattiunrge ssy st e m,
manufacturers have beexnt asahldofntei npgr otdhuec tfso, c ussu cfhr
and batlt baskwdstilem of ferings.

Companiheas offer sobbtiagscbhatotould be used
proposeeqdui remehtusie ACUuCREFEIComDirgd tsal Lumens,

Dougl as LighCbnonpe €CoiStod tutt & mipisghit real, i t e, Hubbell
Control SolutegnwadL8wvopper, LutrorSi ghridgani c
anfSchnei der El ectric.

A201s5t udy conduct edLibgyh ttihneg NPartoidouncatl | nf or mat i o
noted that wireless |lighting controls are ava
U. $National Lighting ProductNUMPIfF®GINadutome &Pc o g
lightcnffiepse not associated with a particul ar
frequently selected brands of wireless | ighti
Legr awWatotsSt opper .

The U. S. Energy I nformation Admini ®trrcat@alon (E
Buildings Energy Consumption Survey (CBECS).
estimated adoption of occupancy and daylighti

8The DesignlLights Consortium (DLC) maintains a database
el i giorl ewti lity incentives and rebates. While the datab
new products as they become available. The | atest ver s
https:// www.designlights.org/defaul tgRPale DX 4/ Fil e/ Li ght |
2020%20 (1) . x1 sm

2Q2ZTitl e 2&F) nBASHE ReipRdAr2NRL i g-F 317


https://www.designlights.org/default/assets/File/Lighting%20Controls/DLC_NLC-QPL-v4-07-14-2020%20(1).xlsm
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1T Daylighting controls are preserbtudacnouwd pe
for servceenntpeof totalmatleor baiéai ngs are mor
daylighti.ng control s

T Occupancy controls are present in 15 perce
account for 41 perc¢d&nS. oEntogal | hfoomaar ea
201.6)

a U.S. DeparU.n@@E) odt lEdhye rngeAd Odla6s,e d1 40 sour ce
l i shed |l iterature were reviamwekrer rtgpy assaswisrsg S
m | ighting cmade otl se dBdiliilsoadst nbigdoyr2 0 15 i nst al
hti%pge nsettarcakt i on of | icpmmenrg icadntsrexcltsori:n t he

__,,.c_
- = c >
Q o T

T Daylighting controls ariensgtnhil ketsdr &Jh Sinn otntee
commer ci al Lighting stock

T Occupancy ciomclrovdesd apwid aonsrital | edt hfei xW.uS.es i
commer ci al [(iDgOhEt i2n0gl 6s)t o c k

The 2014 California CommeracarmnmddiSyadl@matn on (CS
prepared for the Cali for pncioa |Peucbtleidc AUtnifloirtmaetsi o
di stribution of interior | amps by control typ
(sic: enerlgyghetfifnige,i eenB )I i ghsi nog demandl|l reapdnE
regi st(rlattrioddid.4 yrh.e study found that Aparticip.
significant small er share of t heirrt ilca nppasntna nan
hi gher share of their(sliacmp se nceorngtyr onhal neadg ebnye nEEM Ss
occupancymeeéemnoor sensoyrasn,d pharteo ccd lgbcakr st i tch gona nnt csn
(ltron, .l nc. 2014)

TabTdkescri bes t hédipstrrciemutaigeen oo fd a ynltiegrhitoirn g acnopl
by business paEnecgypagfés§icheh®©yYy and Demand Re
The data shows ethuati |fiezve bduasyilnegshst umd eassd tdtelyer
participate in | OU Energy Effici®emasye and De ma
busi nessid s litghhacd mtggsrod g rhaanvse t he hi ghesof rate of
daylighting anThedatedea s €ed ndmelays i3s0 sfurlv,ehyed si

°l nstalled stock is presented the U.S. DOE6s study fiin
fixture are coundCeEd 2a0sl 6o)ne unit) o
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Tabt:e Distribution of Indoor Lamps by Control

Control Typ Nonl EE Lig|EE Lightin DR

ParticiPartici ParticiPartici
Dayl i gamt@it ing 0.1 1. 4 2.9 2.1
Source: California Commerci al Saturati on, Il ron.

Al t hough the 2002POBE€CSud¥01Gnd the 2014 CSS

di fferent | evels of adoption aflsltoucdcivepsancy and
demontsd rtahat occupancy sensors and daylighti ng
rate across the U.S. and r eve &l xatne nodp pnogr tcuonnittr

requirements .Howepewrspabes St atewide CASE Team
updates thatt hwei Iplr eivnaclreenacsee i n dayl ipgrhotpdisgy cont
updatealeinze gy daeregsgi rdiereper idi mmiarcgegs wher e
daylighting contrrelds are already requi

3.2echni cal Me a gAevhaiilliaebpd iGwr rent Pract i

3.2Tdchni cal Feasibility and Market Avail a

To evaluate the technical feasibility and mar
examination of talud oohahplcne ht srygft @mrstdr dlo me et
the current standard as compared typtbel propo
coponendwst edhayilci ght isryg t@astre o |

1 Phocdeol |

1T Daylighting | ogic controller

T Power controller

9 Li gshotur ce

Bel ow is a discussion dafyldagdh icmgmpomamntolofs ytsh
ability to accommodate di mmpIn@& F oAddOompeirmcegnt o
staff i ntfealiigemeidngatmamdéacturieed | i ghting con
acceptance teshepmayodety of daylight control:

daylight controls have the option tpd @OFeF.conf i

The Statewi de ohAdéuls tTteraemmch t o t ot @ledeteaolmd enres t he
mar ket avaidrarbeadti tpgr antdi ces for. dagéi §hat dwmde
CASE Teaganddmedbackuoer emadceptance of aut oma:
contr ol sORWH tahnpde hleGetneSpp.eci f i Sdlaltye,witdlee CASE Tean
spoke with stakehaledye re€o raftre fldnregth®, Fedlrd,ary 202
and &dbsbowedtukemibtbhddr $haes St atewi de CASE Tean
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receive fecgidbattk T hapercent .Wowkgebbepeowhes malt
feedibbaak daylighting contr alos caorde tsydiedal Ifyri
compl iance

3.2.1.1 Photocell

Thphototaht6tson is to output a signal proport
spacephbheqgalilpmseaed tohmeeurrernftdi snt dmd&85d per ce¢
i sufficient to meet the pOr opansd@ pegopiosece ciod
changes do nontodniefciecsastiitoantse t o t he type of equi
used to meet the existing code requirements.

3.2.1.2 Daylighting Logic Controller

The daylighting |l ogic controll er6s phuotcadeolnl i
and output an alppsriogpnrailatteo ctohnet ribdhmap pp owers eado nt
code changes do not nedaysigate ngpd¢oagidgsecbmtrr
EQui pment thawsied commerlryegghe r@amené st readily
available in itheapmitditsceploanpeéy with proposed ¢
requirements.

The combiaphdtomceolfl and dayligbfengebdogbcasohnt
phot os.enfshber photosensor output determines the

As summairTian8,eé tinere are three types of photocec
wired, and-awiomed <sAtldnd hree types of prhotocont
t he marWierned prodmurce sa\Waerred | necssst control s are a
ialteradihens ncreased cost of wisweltdss esysteems

need for wiring or drywall and similar renova
Tab8e Types of Photocontr ol Product s

Type of Description

Photocont i

Photosensor sends a wireless si
di ms i lnagtg ht Rhdee tperremi ned set poi nt (
Wired -Sit@amPhot osensor sends-ar wl oletda ge )gnd
Product s the Iighting to be turned OFF ¢
Photosensor sends al wwoletdage )gnts
Wi red Systcontroll edetnéer mhepegreetpoint (s)

Wi rel ess

relays a control signal to the
Daylight di mming control systems that wuse pho
one of tmgeececdoP®d®Pp| olcdomm,edand hybrid systems emg
and cloospdsystem concepts. Each of these conf
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T Opehoop syocrtieemrst t he photosensor to sense
the electric Angbpempcowaslltedgipyond only to
changes in daylight and may not accuratel )
i nterior space.

T Cl osleddop symsrtieemst t he photosensor to sense
electric lighting contributions. However,
zone and the system is unable to distingui
daylight from occupamtcei rstha rffte rlebrtooyes , o rc | roesf
systems ar e mosstk yalpigr ozpotnirea the gihn bay | i ght i
occupant interferenaemiamidmalf| ectance shif

T Hybrid sgsmkkeimsel coppe nand oomlposeggdst ems i nto a
with a propsuehanany fApmeti al open | oopo by
systemso ILiegemWathtsBEbopper. Since these sy:¢
algorithmdg oofp alnkesepenystems, they are | es
reflectance shift.

The photocontroilrst areysvtedrmegoatedl| s orl evielLlICs .

contr ol options and LLLC solutions are availa
Whenhirst released, LLLCsf owe roef fprciemasrpialcye sma rAkpep
e X pantde di nwa ruadleee s oarhsepraces t hat typically use
Il umi n.@&iddeersa,lsloyne L LLCs arceo ncnaepcatbilzvei ntayf Iwi tchont r ol
|l umi naicruesg ofmarzed granul ari ty.

Di mming control str atTagh%e®&h ea rceo nsturnonia rmeztehdo di nu s
frequently to control da¥Y0VDG{ idhyr tdhvémina vnegr acgoen
ti me bWeflf aye dismmiwogt o si x miuwmmdirensp uotfl ifgdonm inmu o
in theTbBpamest common strategies afr@el®Waoadyl i ght
direct Vodramcingi t(al , i nAcdldurdeisnsga bDieg ilLtiapt)ili ng | nt
due to the controls compatibility to dim fluo
i ssueBorward and reverse phase di mming i s use:
technology and-omdan ddwsd&kedrmhmm, | aghting qualit

2Q2ZTitl e 2&F) nBASHE ReipRAr2NRL i g-F 1411



Tab®9e Types of Dimming Control Strategies

Type of Description
Phot ocon
Anal og controll er adloOusvtosl ttsh e( W)o lw
0-1 OV voltage wire paiomtaoordfdeat itmog otnlee o
pc There is wodendusndward for | ow end
OFF to ten percent of ful/l i ghtin
Di git al A standard forinmdigvitdualeomhitxtohr 3
D'g' "|communication protocol comprising
igital . :
| owol t age control bus. The digital
Addr essa . ) . : :
. ; fixtures while also receivingtiorcfog
Lighting . .
provides 254 | evels of brightness
I nterfac . )
l'ighting output.
Reverse phase dimming controls t he
fixture by turning off part oaf ptrheg
TwWi r e amount of time resulting in reducée€
Forward |l eading edge of t heen dsicnuet onafv ei.s Tuhse
percent of fulll |l ighting output; g
lighting output.
Di mmer controls the voltage del i ve
TwWi r e edge of the sine wave for a -preset
Reverse di mmi ng ex pelre cetnrceeni ¢ Low Vol tage
common LED drivers

3.2.1.3 Lamp Power Controller and Lamp

The mar ket share of different | amp types has
standard was performed. The daylighting requi
stanavasdconductleralsed @®1T8| amMpof E€abBnEernia

Utilities Statewide Codes Aatndt,[S@tafnidiamedess cTeermatm |
were approxi mately 45 percent (Nfavti geand o Bmarsall
Il nc 201BYy 2021 LEDs are predicdeaeldeadrd dltiakvee 52 p
Research Zovenh whahatBEDseven more mar ket share
fluorescents had when they weEmrewge,dCidmbeijsust i
judged appropriate to base the 2022 | amp powe

3. 2M&r ket Ac coefp tDa nmupd uDsf F

As discussed..23ta&kethioomder s have expressed con
occupant acceptanceplo®¥ FHagdntwgrhd & de mMmBt agewi de
CASE Teamotharsecei ved substantive quantitative
Statewide team c ontsitnmnuwkeesh otlod erresa cain do uvetn ctoour ag e s

Whil e dayl i ghtt hm@fF Fc ssrtterpo lag ewintoh wi dely depl oy
| arge r et Warharcth aainnds COEBd CiOfaiyed ght i ngt leentrol s
OFF step in their stcoer.esWaats an ¢ tQOMRCEN rpersact i
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OFF when the daylight il luminance exceeds the
began i ntegrating daylighting conmablbBaandvesek
1,000 stores wdawnl sghtigptesomandol s whil e COST:
with skylights andAsdayl| 2@WHtOmagt coefpeolmminng t o
whidhes add erairtgy eg p ertesteudaaiti gnl OWFE ont r ol
stratelgg next year.

I n 2029, the Statewedbdd &AREedTEra@apgnaiitbdbnal Asso
of LightingADBsmlyemms i (s cDasys itghhea i ng CTABE Repor
St atewi de QASE nfeeeadroncerns on | owering the day
l1percent

3. Market I mpacts and Economic Assessmen

3. 3lL.hpact on Buil der s

Buil ders of residential andatommpedamay oftrule
measures proposed by the Statewide CASEsTwamh
the nprmatices of thdsgesbusheessbsitdiag prac

building codes. When necessary, builders enga
in order to remain compliant with changes to
Cal iddg ndonstruction industry is comprised of

and 860,000 em@mbt gelers I GEk&, t ot @&l bpiayrioolnl. w\aesa
17,000 establishments and 344,000 employees f

remainder of establishments andl empéoyeiesf was:
and other heavy construction (industrial sect
] ALD is a global organization comprised of architectul
1TAverage tot al mont hly empl oyment in California in 201

represented 4.5 percent of 2018 empl oyment .
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Table California Construction Industry,
Payrol |l
Construction SectEstablis| Empl oyn Annu
Payr
il %)
Residenti al 59, 2 420, $23
Residenti al Bui l 22,6 115, $7.
Contractors
Foundati on, Stru 6, 6 75, 2 $3.
Exterior
Building Equi pme 14, 4 105, $6.
BuildingCBinnirsalkt 15, 5 123, $6.
Commer ci al 17, 2 343, $27
Commerci al Buil d 4,5 75, 5 $6.
Foundati on, Stru 2,1 53, 5 $3.
Exterior
Building Equi pme 6,0 128, $10
Bui |l Eimigshi ng Co 4,5 85, § $6.
| ndustrial, Ut il i 4,1 96, 5 $9.
I nfrastructur e, q
l ndustri al Buil d 29 5, 8 $0.
Utility System ( 1,6 47, 6 $4.
Land Subdivision 95 7,5 $0.
Hi ghway,eet, and 77 25, 4 $2.
Construction
Ot her Heavy Cons 43 10, 0 $1.
2Q@2ZTitl e 28] NBASHE Reip2dr2NRL I g-k 1414
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't i s expectwdumhdtatbdedui mpaectsed significantly |
code change or the collective effect of all t
Builders could besiimpdhaemamnrd bfyorc hrmenzvgebui | di ngs
costs. Demand for new buildings is driven mor
the economy and popul ation growth than the co
with Title 24, Paptefeneguareament small portio
val ue. |l ncreasing the building cost by a frac
significant i mpact on demand for new building

Bui l weulkseded to i nwgsdndnedu@athion to ensure th
includingadesepgmaaci@ngsg ecdimgicneer s, namwd hoaonttroac:
comply with the proposed requirements. Workfo
industry and is commoinat eed maintyh ftileé dpr adsct i or
services. Costs associated with workfoerce tra
term financi al planning and spread out across
price spikes when cbanpescensnsdesbgpesi mptdEéement

3. 3l.Bpact on Bui |l dinndg EheesriggygneCGosnsul t ant s

Mandatory daylighting controls were first int
cycle, making this type of control a standard
proposals included in this CASE Report enhanc
requirements. CAbB&e8masewnd&et research found
harvesting systems available on the mar ket al
percentt e Itiugmti ng OFF.

Adjusting design practices to comply with cha

the normal practices of building designers. B
Bui |l 8t agd@odlasnd model nati onal Mublydit h@ codes
Il nternati onal Code Council, the International

Of ficials and ASHRAE 90. 1)-y&rae tepicalohy cypda
di scussed 3i.MBaflécmaocket ,acdopdl®ars hfoawrd dt r ai ni ng
educandeodieadp d adteesi gn ptroa cctowmepeldy new bui |l di ng c o
whol emeadheres the Statewidei CASEDX eo@me cyTprop
aishno provide ceaeirgryerconamudtants with opportur
code requirements inpmavitdipheg fwlagwsi bitlhietry biyn |
can be met.
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Tabl® Cali fuodmiiamgB Designer and Energy Consul't

Sector Establis| Empl oyn Annu

Payr

(bi Il

Architectutal S 3,7 29, 6 $2.

Building I nspfc 8 2 3,1 $0.
Sour(c®tatCal of orni a, Empl oyment Devel opment Department
a. Architectural Services (NA3E€St ®bd 18dt0gbiciosnpme stes Pri m
in planning and designing residential, institutional

structures;

b.Building Inspecti
engaged in provid
aspects of the bu
services.

n Services -y ea\cAtl CrS &#At1aBBI0i) s lcmemptrs spe
ng building (residenti al & nonresi
I d

o]
i
i i ngstsamsu,ctiumrcel wdhidn gc oemmpeorngeyn t e fsfyi ¢

3. 3l.Bpact on Occupational Safety and Heal't

The proposed code change does not alter any e
regul ations pertaining to safety anfdorhreiad t h,

Division of Occupational Safety and Health (C
rulwosut dmain in place. Complying with the prop
anticipated to have adverse Iimpacts on the sa
involved with the construction, comniingpsaicotni ng
on BuildingOOwnpanst and

Building owner ssoabdnetcupénom | ower energy bi
Sect3.ofn. When building ocgupahtit s,saheyoneandet @
el sewhere in the economy thereby creating job
economy. The Statewide CASE Team does not exp
the 2019 code cycle to i mpacvtvebselywing owners

3. 3L MpacBubhding Ckkempanktretilsudi ng Manufactu
an®i stri)utors

The commerci al building sector includes a wid
restaurants and | odwdelsgt,a lrleitsahinhe ntasn,d am dk ewdar et
(including Breerrgyg ewrsaet ebdy) .occupants of commer ci
considerably with electricity used primarily
and refrigeration. pNamaral ygaeorcboesasutmed water
heating. According to information published i
Action Plan, there is more than 7.5 billion s
California and consumesa®&® petabknaéamhmdéialCaénéog
diversity of building and business types with
di sseminating information on energy and water
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variability in sophisticrel @ani odshiupd db eatgw® aevm
owners and occupants.

The Statewide CASE Team interviaweaadhemanufactu
proposed wohuahndgge ssi gni ficantly i mpact companies
di stribute, or sell Sécm3hodf.n2g monerohsor Raf eon

3. 3lLdpact on Building I nspectors

The proposed code changes would have a mini ma
appliiocnatprocess. The Statewide CASE Team ident
forms and twaobulhedse dwhioc b e up d7a.tBeudi lidni nSge citnisopne c t
and accept amoweh eteeds tteor she trained on the new co
well as the field verified process through ac

3. 3l.fpact on Statewide Empl oyment
Sect3d.odilscusses statewide job creation from t

general, including updates to Title 24, Part

in nonresidenti al buil di ngs.

TablZZhows empl oyment and payroll information

agencies in which many imnempmertoirasl olduirledsii dgesnte
empl oyed. Building inspectors participate 1in

aspects of building regulations, including en

therefore, anticipates theimpapbsed emphgg mea

building inspectors or the scope of their rol

Tabl2 Employment in California State and Gove

l nspector s

Sector GovtlEstabl i sfEmpl oy m Annu

Payr
(mi |l

Administrati ¢ St at 17 28 $29

Progrfams Loc g 36 2,8 $205

Urban and Ruip St at 35 55 $48

Devel opmer®t [ |oc3 5 2 2, 4 $186

Source: (State of (@eelviefloorpnmean,t BEDepplaorytmeenntt n. d. )

a. Administration of Housing Programs (NAICS 925110) <co
primarily engaged in the administration and planning
and standards, housusgnguphogiames, phadnhong, and dev

b.Urban and Rural Development Administration (NAICS 92
establishments primarily engaged in the administrat:i
and rural areas. sktmygl adedgioverimimentnadawni ng boards an
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3. 3lL.Mpact on Statewide Empl oyment

As described in Sections 3.3.1 through 3.3. 6,
anticipate significant empl oyment or financi a
California economy. This is not to say that t
i mgas on employment in California. I n Section
estimated the prdaylbsigrdmicrhgagmgoecvidil d af f ect
statewide employment and economic output dire
buil der s,amesamgeiregys consultants, and buil ding
Statewide CASE Team estimated how energy savi
changdayil migmmi ngpeocvwdul d | ead to modest ongoin
savings for Ca&li fwhirgiha woediddemten be avail abl e
activities.

3. £conomic | mpacts

For the 2022 code cycle, the Statewide CASE T
along with economic information from publishe
develdopesti mates of the economic I mpacts assoc
chang¥hs.l e this is the first code cycle in whi
estimates of economic iIimpacts using | MPLAN, i

i mpactkopedef or this report are only estimat e:
some extent speculative information. I n addi't

relatively simple representation of the Calif

CASE Team n$¢ tbmatiderection and approximate m
economic i mpacts are reasonable, it is iIimport

is a simplification of extremely complex actd.i

busi nesses, amd i @atatsdrheqgr gaersipond to changes in
codes. In all aspect of this economic anal ysi

assumptions regarding the I|ikely economic ben
change. By f ololacwi,ng htehiSs aapempri de CASE Team be
i mpacts presented below represent | ower bound

associated with this proposed code change.

Adoptitcdhn sofcodprepasgle would result in relatiwv
impacts through the adddyarnchointaedctds reenespgendomg
buildinginnspemeoci al .bulHeaiStgat ediuccsde rGASE Te:
anticipate that money saved by commerci al bui
afted by the proposed 2022 code cycle regul at
spending by those businesses.
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3.4Crleati on or El i mination of Jobs

Il n 2015, Californiads building energy efficie

wor kers who worked at | east part time or spen
related to building efficiency. Empl oymewt in
Ssix percent between 2014 and 2015, while over

per c(eBBW Research Par tinBMIshs prEa@drgty tEiftfliecd ency
Services Sector: Workforce Yi2z0eptammwdi Exp ectd tadiil

on the types of jJjobs in the energy efficiency
revisions to building codes.

Building codes that reduce energy consumpti on
empyment, indymenot, emptl i ndud’Tdd | emRl4qgy iRearrtt. 6
jobs in all three categories with a significa
empl oyment, which accounts for the expenditur
economyt oduéhe economic activity and spending o
(e. g.-i,ndnuosnt ry jobs created such as teachers,
workers). A |l arge portion of the induced jobs

by eneagty savings from energy efficiency meas:!
(206 i mate that energy efficiyemdpsercr@Wh es 0.
saved. By comparison, they estimate that the
0.11 nyegarjsobper GWh prodpoedant Woirng htehenmirdy e
range (0.\888ametpgrobGWh saved) and estimates tt

changeutedsult in a-ysethat ewba e&fWH)i otshti s wmoeualsdur e
resul t i n &pdprbobxsi ntarteealtyed I nTabhxZ brr st ayewar deS
savings estimates.

The daylighting proposal would have margi nal
controls are already.required in most project
2The definitions of direct, indirect, and induced jobs
definitions and usage of these categories as follows: #
the design, manufacturing, delivery, construction/inst .
mai ntenance of the diffeagle;mgy,coarpomewmdrs plfarnth,e uredeirn cc
empl oyment refers to the 66supplier effectdd of upstre:
of installing wind turbines is a direct | otbhe whiemdkas m:
turbine is an indirect job. I nduceidn ceunpd i yenfefnd c tas ciomn ntt F
economy due to the economic activity and spermddiisng yof di
jobs created such yassttoeaec hcdresr,k sgr cacned postal workers. o

B0One yobr (toirmeddaguival ent oenmmTbyfmem)tone perboni mer a o
ongear
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3.4CRPeation or El i mination of Busi nesses i

As stated in Sdatieavn d2. £LASE tTream®s proposed c
result in economic disruption to any sector o
change represents dayimaddmsit ngpéogvilitcoh woul d no
excessively burden or competitivehgr dwealdd aint
necessarily |l ead to a competitive advantage f
Statewide CASE Team does not f or eesde,e naonry dnoeews
the Statewide CASE Team think any existing bu
proposed code changes.

3.4C8B8mpetitive Advantages or Disadvantages
California

The pr ocpoodsee dc hwvaonugleds appl y t o al It ebdu siinn eCsasl @ sf oirm

regardless of wheithmeor pihmsibde i nre ssutisi de of tt

Therefore, the Statewide CASE Team does not a
proposed20f22r ctohdeee gcuylcaltei on woul d havhee an adver
competitiveness of California businesses. Lik
not anticipate businesses | ocated outside of

di sadvant aged.

3.4l.ddcrease or Decrease of | nvest ments i n

The St atAeSvEi dleeaCn anal yzed national data on cor
invest ment by businesses that expand a firmoés
domestic inves¥®Pmemtb]l ohro wWsP,DIb)e.t ween 2015 and 2
a percentage of corporate profits ranged from

percent. While only an approximaomenusédther pl
capital i nvest ment, the Statewide CASE Team b
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

“4“Gov. Code, A 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR A
didwawaant agasi fousniCmesses currently doing business in the

’Net private doniesshtel ct oitnavlé savneosuinme wHE pi t al by the busine
is used to expand rtaltén eadagihtaanl m=ati md khe ;mr ©@C 0 @ pedpd aaticee pdrucef it
t he moneefytad erfgorpatyisonts expenses.
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Tabl&Net Domestic Private I nvestment and Corpc

Year Net dom Corporate PnrRati o of N
i nvest ment Tax (withol I nvestm
Domestic b CCAdj ) , Bi CorpoPabé

Billions Dol |

2000 5386 513 105

2010 344 518 6 6 9

2002 256 627 4109

2003 253 7568 3409

20014 3 8. 979 3609

2005 415 12 845 329

2006 490 1413 3509

2007 506 1 3 599 3709

2008 378 11 223 3409

2009 -6 9 . 1263 -5 %

2010 171 15 651 1159

2011 269 15 327 189

2012 426 1821 239

2013 498 1788 2859

2014 579 1 8 527 319

2015 609 1 7 440 3509

2016 45 . 1739 2609

2017 5089 1 8 163 2859

2018 618 1843 3409

2019 589 187. 3209

Aver g 31%

201250 1

3. 4Ef5f ects on the State Gener adndulhalgalSt at
Government s

The proposed code changes are not expected to

Californiads Gener al Fund, any state special
to thelse cfoumes from taxes | evied. The most r el
proposed code change are personal i ncome taxe

taxes, and property taxes. 2IZhet pbeopdseBarchabg
Standards ard not respeédt in noteworthy changes
income, so the revenue from personal i ncome t
to change. Reductions in energy expenditures
income. Statesandx|l pobpewaénseabs may increase if b
their additional di scretionary income on taxa
may be changes to sales tax revenue, the i mpa
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to Title 2h,0tP dreten6 qluawnd i fi ed. Finally, reven
taxes is directly |Iinked to the value of the
purchase price of the pr owardtdk.e|l Yhe ngremessed
construction coetstathiugt ithalr eevisdence that t he
cost associated with Title 24, Part 6 compl i a

3. 4. pacts on Specific Persons
Whil e the obj ecStiavtee woifd ea nC/A SoEf Ttehaerh®s pmreaydysea |

efficiency, the Statewide CASE Team recogni ze
proposed code change may resulhe imr aumd sne ¢k nadheadr
to Title 24, Part 6 are not expected itwe have
to the state popul ation as a whole, including
age, race, or religion. Given that construct:i
prices, the proposed code changesfamanmcothgexp
costs for business.

Lease hwdullegrpsi cal ly benefit from | ower energy
directly. These savings should more than offs
buil di ngL eoansnee rhgohlod edros noty pfaggr demercgy costs ma)

net savings depenbduinlgdionng d¢af wnaentds fhammw ener gy ¢ o
determining rent prices.
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4 Energy Savings

4. Key Assunfpdari okhmer gy Savings Analysis

To calcul ate ener gy CADHBEI Memehduihled iSntga teemme rdgey mc
software to simulate energy savi ngvserassussoclilat e
perciemtprototypimThal nbytl|l deagson describes the
The only key assumptliiognhtiisn gd ipoohmeedrgeionndi t hens.
Energy savings wer e nloidtellee d2 4u,s iPragr tt hée 1.2i0glhdt i n g
The mandatory autoaorattri @l drag/d u ighd yedmigirsi magorpyl 'y t
sidail eas.

Tabl4aet atilhes t ot alkydrnda @ff i aseedcyo nssliaddeyll iitt dayl it
zonwsthin each builladwag wpsed oit.typiehe anal ysis

An enamgyedsectianvahgss sgnetttheodol ogy accepted b
Energy Commidsrsito;m donoirder a dode odhtaoeagsa egr o p ¢
t herescriptive requirements for automatic dayl
mandatoryThiesbmeasure was already prnoweardetro tho
be addoed he prescri gtCiave froe qu ierwddriléeen tiCbides &Shnat
Standards Team 2011)

4. Energy Savings Met hodol ogy

4. 2Eder gy Savings MérhoochBogy dp erg

The Energy Commi ssion A$SE eTe amb dtedl e t Sitea teenveir dyey
i mpact sspuwescprfgtcot ypi enald eth ari € pdri ebsgeind a | buil ding
geometries tfyopreodfi fbfgeiCletinith @s ni a Ener gyTIKe® mmi ssi
prototype buildings that ttlhe detvaetl owi perCAIE LT
new consTabt4£lihopen proposed codley crthaacnagrey, wsilhlwltr easp p
theor ot otype for @gmoderiyaaosytuodreeysl idto space which 1
measured savings. However, a percentage of gr
whi c hs atvhiemggrse extrapol ated from t heamReltiagd tSd a

an ener gy droaaerramft otthye e .
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Tabl4

Proto
Na me

Assemb|

Smal |

of fic
Lar ge

<0
m—h
Q__h
co
3@

w o
3—h
m_ﬁ
-0

Rest a

Ret ai
Large

t

e

(0]

U
Fast Fou

Prototype Buildings Used fanvEnenggnt BemahmgdacCesAnabpdi s
Numbe FIl oDescriptionAreas wTotal fTotal £Total £/ Peagent Tot
of Ar e Dayligh Skyl it Prim Seconc Tot Af f e
Stori (9 Zone? SidelitSideli:t Bui I ¢ Ar ea
Zoned Zoned AreaDayl it
Af f ec (9
Dayl it
1 34, (5zo0ne assemOffice 0 9, 8 7,2 28.9 9, 8
buil ding DE
prototype m
provided by
4 42,5 stHonyl wiFront L 0 2,0 2,0 4. 8 2,0
guest roo-ms Of fices
11% Meeting
Rooms
12 498, 12 story + Peri met 0 24, 7 19, ¢ 5. 0 24, 7
of fice buil Zones
zones and a
pl enum on e
WWRO . 40
3 53, €3 story off Peri met 0 11, 7 10, ( 22.0 11,7
with 5 zoneZones
ceiling ple
fl oor -0.V8V8R
1 5,51 story, 5 Peri met 0 2,0 1,5 34. 8 2,0
building wi Zones
roof and wun
attic-0.WWR
1 2,5Fast food r Dining 0 56 39 38. 4 96
with a smal
and dining
WWR Pitche
an uncondit
1 240, Bislgox type Front E 167, 4 6 2,1 71. 9 172,
buil ding -wi Ar ea,
12% and0.SRRPeri met
Zones
20Title 2Fi n@ASE RelRAOr2NRL i g-F {514



Protot  Numbe Fl oDescriptionAreas wTotal #Total /f(Total £/ Peoent Tot

Na me of Ar e Dayligh Skyl it Prim Seconc Tot Af f e
Stori (9 Zone? SidelitSideli:t Bui I ¢ Ar ea
Zone? Zoned AreaDayl it
Af f ec (9
Dayl it
Retail 1 9, 3Ret ai l buil Front E 0 99 1,0 10. 6 99
Mi xedU: WWR-10%. RoOOATr ea
adiabatic
Ret ail 1 24, Similar to Retail 16, i 1,5 1, 4 6. 9 16, 7
StandA| Wal greens. 7Point S
on the fron
none on oth
SRR of 2.1%
Ret ai l 1 9,3Strip Mall Front E 0 99 1,0 10. 6 99
StripM WWR-1 0 % Space
School 1 24, tEl ementary Lobby, 0 8,5 7,8 34. 8 8,5
Pri mar. WWR of 0.36Corrido
Cafeter
School 2 210, High school Al ar e 34, ¢ 33, ¢ 30, ¢ 32. 2 67, ¢
Second. of 35% and
War eho! 1 49, {Single stor All Are 45, 1 53 42 87,7 45, ¢

warehouse.
one office
WWR-0. 7 %, -53R
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The Statewide CASE Team esti mated energy and
proposed code Eokangg®| ws2 ®PY20 1Reasnedar ch Ver si on ¢
California Building ECBEG®)fQowdaer eCof noprl icaonntmee r C i
buil di ngsCo(mMBEBECCTf ornia Ener gySiCro@id GCoinon 2020
does not al |l ow tfhoer dadjmisntgmefmrtacafi on emedagyl i gh
i mpacts werlkey smondiil fayt iedgE nt ehreg yoFalsuesl gaeeer at ed by
CBEGCGCom and running the modified input file i1

CBEGCmenerates two model st hbas8tdaondaud dikes ngn
Proposed®Dhei §handard Detsh@gngeempetesseingfs t hat
the bwouddrl i ke to builgetandaf itfrhesetr urrssessul de fiinn ea
ener gy budngieni ncablaipyl 1 anG 1Towit 1 e 2&dlgd @ ameqBi r e men
Featur es uSstead diamr dialDgeessicgn bed i n the A2OM9 Nonr
ReferenceTiVManRradposed Dediiegrs ameprgeeaenett s yt as t
St andard Desi gnt henuetr giyt faesast tumeesss a fldtawsacrsei bues e r
wi ubBer iTnop udtesv.el op s a vfionrgpstr legsa si entiaht aensg ets h e
Statewide CGASEtTeedama St andard Design and Propo
prototypicTéhlerbeuiilsdiamg exi sting Title 24, Part

building system in question aamd aplptl ercestitondH,
Standard Design is minimally compltihspie cwiiftyh t
the genemnmiowdhalhlt tr@&@gec ecmntiwden il |l uminance i1
space reagdreckalst @n il I uminance.

The Proposed Design was identical tfoort hteheSt an

revisions that represent t hlea bd iorpeosseendt sc hparnegceiss
which parameters were modified and what val ue
and Proposed Design. Specificaltlhyajtgthheer pt opos
Il i ght i ngr epdouwcedrtp etrociemstt ead ofi M3 5s kpyelrictengand prim
areg&esntinuous dimming cohfatelds ploavee & of faaftci o
| i ot put that is a |inear interpolation of th
di ming |lightd fpawdrn olnhpdwem aftreact i onCad ilf.o0)n iaat
Energy Commi ssion 2019a)

Comparieagetdy | mpAcasdafdtbesi gn t o rtehvee alrso p o s
the i mpapreopolsedheode change relative to a bu
compliant wTitthl ¢ h24 20R&®r.t 6 requirements

®CBECResal soeates a third model, the Reference Design,
Proposed Design, but with construction and equipment p.
2006 I nternational Energy Conse€ChSEi Dea@oded ( h&CClUse Thi
Reference Design for esnergy impacts evaluati on
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Tabl® Modificat iSamsn dMadle Diessi gn I hoE8ctmhuPBaobteot
Propo€ede Change

Prototyp(Cl matijPar ameter Name Stand Propo
Zone Desi Desi
Pal’am(Param(

Val Val

Al |l Prot (Al I Mi ni mum | nput H 035 0 .0!
Al l Prot (Al | Mi ni mum Light 035 0 .0!

CBECComal cuwlad-lesi | di ngoesemppr oaevery hour of

measur ed rhno ukrisl opweart tyear ( kWh/ yr) anpAdk tphaertms p
of this proCemsa, cOBBCE@s how much daylight is

prototypes i n eaaljalsitmatdhezameouaartd of power (
response t o av.aiThaebrleeivbdoabyd iitgdhetng ener gy consun
based on both the aemeuohtiof | mpméi hbei el entand
di mmed in response Itto wmpahtiheed Zéntd@ pe hidght .

val uat i ofnadtidrdy c mlnateenle rugsjeRi | o Briti sh ther mal
year KBtODwWdryadannualelpeatdreintaintedyducti ons measur ed i
kil owatt CBEXM)» al so generates TDV energy cost
i 202p3r esent vallazuoeRBahd amemi nal dol |l ar s.

Thenergy i mpacts of the propatsedScmal.ewctdange
CASE Team simulated the energagnd mpagltised nt e e
cl i nzaotnee speci fic TDV factors when calculating

Pewunit energy impacts for nonraessadengsapebuil
sqguar o tfoa atl bui |l dAnma afll ceanre rgrye aa n dnppéca ks d e ma n ¢
each protutiotgpeg awesil @tnepda citnst oper squabby tfloet by
entfilr@oaofameh@t ot ypé' Tthuisl dsitmegp. all ows for an ea
savingsdattressent building types and enabl es c:
usi ng otnhsa r uct itohna pfuobrkel cséhsetdms| odr ar eat yopye .bui | d

Figdsbowsl itdilet i ng pofwredaaymuilghitp|digmeni cvepnrttsas s3 5

di mmi ngpetrocelOtt i s I mportant it & obrea dietiiavbteg not
adequate dayltihghtcotde dnimitmum and the di mming
proporti ansalbky sfavegnddepilcitgsht i ng power reducti o
dayl i ghti i tmmenreiginih utmheof f i,c dihfoot beéey.pelZlbinse

prot octoynpsed B8t 896 square feet of 2pr5b5narsyq usardee |fiet

“"For the 2019 code cycle, the Statewide CASE Team pres.
For the 2022 code <cycl e,i st hper eSteantt ei wiigdaes aG/A ShEg 6T epabm t o t a |
fl oor area to be consistent with all other proposed ch:
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secondary sidelit spachorédhdetcadrsdspolblsathiype s
can beifiabb4é

Thdata uBiegdd stehceut puBmerody Pl maed erloianhdeyo f
daylighting hourly muplrtoitpltiygpre whussregryutmyroidred st h

cal cul at e ened pgde fsiarvii tnigesn of dayilsi gthhte nagmohuonutr |
which the overhead electric Ilighting power in
dglighting to dim or switch the electric |igh
the electric power without di mming is P, then
The multiplier varies from 0.0, whichriccorresp
lighting), to 1.0, which corresponds to no di

As stated i n thewomeatdh oudsalnoeghyt,s tthoe athe pheposed
Mi ni mum | nput ®wolemi rAumclii @gmt .OuThpairte Fwercd i rom
adjustments made t oom=rhy dti hmeri nfgu rcadr ivdersmmif n ¢ oinrt
t he pr olthcetryegfeo.r e ctomet irdaitoemsonfg i n the baseline
model s are merely the dedapdaetddtuynges onal ity o

Onldyr i ng the hours from 4 to 6 pm afruel |byo tdha yplrii
t hat dayltihgeht i1 | umi rdaer cleelsitisg mhiiglhlednsitnhaamcree f | e c
in Mhai mum | nput ®&®olemi MAummcli gt OUt MW Fr act i
1%in 20hW9% sembdeaehtdhe 20 22 orseeads ur emocdgesle

respectHowekhver during other hours of the day o
are fully dayl it hamdetrhipowes rmaflltea optla d hisn t han
basekRDmhaBndr opo2s0e2d2 model s respect ihiegddywears t hes
reductions for the combination of .primary and
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Legend
M 2019 Baseline
2022 Proposed

Daylighting Lighting Power Multiplier

Hour of Day

Fi gurMedi OMf jScoeut her nJ oenleR 4 ht i ng BPo wneni nlgy
Hour

4. 2St2at ewi de Energy Savings Methodol ogy

Thpeunit energgréemprattapol ated to statewide i1
Statewide Constrnhwhati amheF&Emecgyt <O@ami s6opbni pr o
EnerCgpymmi ssi .olfrthen .Sd.a)t ewi de Con ®tsrt u antaiven For ec a:
constracaurorni 20 23, tthheabfe r2stt2 2y eTairt | e 24, Part
are in effect. 't also estimatesi hh2OoO&Bhzee hat

St atewide CASE Team used to approximate savin
constructi on fcoonesctarsaote tpirooavn édtersuct i on and exi st
stogcky building typbeahdi ctdi mgteypeseused in

fecaBuil ding Tayme nloD i dentical t o atvhae |parbolteo tiy
CBEGCom Tkreer gy Commi ssi on @mowhideh pruatdatnypei c
buildings to use for each Building Type | D wh
Tabl@®resents the pgetandpwealbhbunhbgdfactors th
Commi ssion requested the Statewide CASE Team

St atewide Construction Forecast.

Apendixr Asents additional information about t
used to calculate statewide energy i mpacts.
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Tabl@& Nonresidenti al Buil ding Types and Assoc
Building Type I I[Building Protf Weighting

from Statewi de for Ener gy Mg for Sta
Construction For | mpacts A

Small Office Of fi ceSmall 100

Large Office Of ficeMedi um 5009
Large Office Of ficeLarge 5009
Restaur ant Restaurant Fas 100

Ret ail Retail StandAl 1069

Ret ail Retail Large 7559

Ret ail Retail Stri pMg 5 %

Ret ai l Retail Mi xedUs 109
Grocery Store Grocery 100
Noi#iRefrigerated |Warehouse 100
Refrigerated WarRefrigWar ehold N/
School s School Pri mary 609
School s School Second g 4009

Col |l eges Of fi ceSmal |l 5 %

Col l eges Of fi ceMedi um 1509

Col l eges Of fi ceMedi umlL N/

Col |l eges Publ i cAssembl 5 %

Col |l eges School Second 3 30¢9

Col |l eges Apart ment Hi gh 2559
Hosp#ftals Hospital 100

Hot el / Mot el s Hot el Smal | 100

4. PeUnit EnergfRebmpasts

Energayviammgpeak demanudp esoqnwar e tfoabaatli lodi ng f |l oor s
are pr esleanbtleedndenpr esent savings from new const
addi tTihoinss .t abl e presents the average i mpacts a
were included 1 nAptpheen dad ma lHyrseissu.l tSSee rom each pr
buil di ng i nTdheep epnedrd n telnyer gygememamgoOumtatfuoral |y
occurnrairrket adopti on oThe& oanpdermmmeat epsraavtiensg.s f or
fi-ye&rd ectarnidcipteyak demamd er edpetcit @adsOt. @ or ange f 1
O11lkWh/ yr depelnidmatgdley@amneé ve numbers are denot e
parenthlimeasureewul t nicmeameé uir al gas use, or a
natur al g.asRedwdedsl i ghting use wil/ i.n turn r
The heating system will have to make up for t
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Tabl® FiYesat Energy Boppaces$EbBettructi on Weighte
AveragePobt at ype Buil ding

Ann P k EI (
CIimaEIec%i egeman; Natural AnnulaDV
Zone|l Savin Reduct i Savings| Energy Sa
(t helris (TDV k3Bt
( k Wiry ( WA t

1 0. 0. C (0. 0. g
2 0.( 0. ( (0. 1. 6
3 0. 0. C (0. 1. 4
4 0. C 0. ( (0. 1. 1
5 0. C 0. ( (0. 1. 4
6 0. C 0. ( (0. 1. 4
7 0. ( 0. ( ( 0. 1. §
8 0. ( 0. ( (0. R
9 0.4 0. ( (0. 2. 72
10 0.1 0. ( (0. 2 . 13
11 0. ( 0. ( (0. 1. €
12 0. C 0. ( (0. 1. 1
13 0.1 0. ( (0. 2 1
14 0.1 0. ( (0. 2
15 0.1 0. ( (0. 2 . 1§
16 0. ( 0. ( (0. 1. 13
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5Cost Coidf f ecti veness

5. Energy S@oesnhgs Met hodol ogy

The energy and cost analysis presented in thi
consistent with the TDV factors presented dur
2020 workshop on qddcCrmgliifaomrmne ame&tnreirgy Chm®mmi ssi o
electricity TDV factors include the 15 percen
factors include the impact of methane | eakage
factors used i n tahley seense rweyr es aovhitnagisneadn fr om Ene
Environment al Economics, Il nc. (E3), the contr
ctors for the Energy Commi ssion, h5 apastpr ea
tail Ad] Scal ed by Atvwri aledg &0 sT BV xfl sxtoar sT hes
ergy savings analyses were obtained from E3
022 _TDV_Policy_Compliant CH4Leak_ FlatRtl Add
mand factors used in the energy msaaings ana
readsheet titled A2022 TDV Demand Factors. X
e Statewide CASE Team on April 21, 2020 tha
finements to THWafragtlorbsalusianmgni2a@ potenti al
steld tyfeatr GWP values that were used to der
anticipatyedrt IGAW tvhaée u2@ will increase the
sult, the TDV energy savings presented in t
xpected i f theyéanaGWPDVabees20and the prop
[ be more cost effective using the revised
erms are not affected by TDV or demand fact

S - — = 0o oo
- = O 0w >0 T ON

—
=5

Energy cost oalvd nnlgast everley applying the TDV ene
energy savings estimates that were derived us
4.TDY s a nommbatiomaéd elnaetrcapystavitnlgast counttlse f or

variadi eof el ectrgasdnnacandomnat,af@hbewyehbr how
costs are expecttehde tpoe rcihoad{ g oawearl 3y sfiesr r esi de

measures and nonresidential envel ope measures
nonresidenti al measur es) . Il n thiS3seanse, ThheTpP
cost i mpacts aroeni mrad s edmtPdd@prisae saenhdu & vndaonldl ar s

represent the energy ddbdsdarsavings realized ov

5. Energy Cost Savings Results

Pewunit energyfooshewhyingeasandkctedalbanohanaeqgs
realoverd tyleearlperi od pfeara? @HpIrersaermndd oddlaue
imabl®&® 2023 PV.TIHDIVs Etheelrl e presents the aver age
prototypical buildings thHéegawereei ncmbdes ane
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in red with parenwbelawsee d@yhvssmarela siurcer ease i n
use, or a negati veSendaptpuernadlf wgraHsr essauvlitnsg sf.r om eac
prototypical buiTdengDVnohepkeodehoygy.all ows pe.
savings to be valued more t lpaemkelpeatiroidesi.ty sa

Tabl® 2023 PV TDV Energy ©eat BaviadsioDvAnalp
Per Squartfr@omotort uletiigohmveaer age of Al | Piototype
New Construction and Al terations

CIimE15Year TDV _E 1% ear TDV Tot adYy e aT6D V
Zone Cost Savi| Gas Cost S Energy Cost
(2023 PVY$ (2023 PV (2023 PV
1 $0. 13 ($0. 04) $0. 09
2 $0. 17 ($0. 02) $0. 15
3 $0. 14 ($0. 02) $0. 12
4 $0. 17 ($0.01) $0. 15
5 $0. 14 ($0. 02) $0. 13
6 $0. 16 ($0.01) $0. 15
7 $0. 17 ($0.01) $0. 16
8 $0. 17 ($0.01) $0. 17
9 $0. 21 ($0.01) $0. 20
10 $0. 22 ($0.01) $0. 21
11 $0. 19 ($0. 02) $0. 16
12 $0. 18 ($0. 02) $0. 16
13 $0. 21 ($0. 02) $0. 19
14 $0. 21 ($0. 02) $0. 19
15 $0. 23 ($0.01) $0. 22
16 $0. 16 ($0. 04) $0. 12

5. Bncr e meinnCstls t

To evaluate the incrememieals ufitieer, St a&¢ e€CsiSdEof a prr
Tearm rdsdat erdhihdeay |l i ghti ng contsf olfr thiwenpowmedeént ost
requi r eamé hgrsopocsoedde requirements

The compoacaylIsi ot isnygg teeamtirmnacll ude
1T Photocell

T Dayl i ghtcionngt rloolgliecr

T Lamp power controller
The cost of the | amp i propbsiencicodedchaages e ot
i mpact the | amps or wadaysgetcreequirements in t
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Thphototaht6tson is to output a signal proport
spacephbheqgalilpmseed tohmeeurrent standard i s a
for the pr opdserde mesasmua ei.ncr ease Iimhatoddelals s oc
t he oposed measure compared to the current sta

The daylighting |l ogic controll er6s phuomtcadeolnl i
and output an appropriate contrDbhe sdagwlail ghtoi nq
|l ogi c coquirpthgett t ohmeeurrent standard i s al sc
proposed .Theearseuries no i ncrease in cost associat
controller for the proposed measure compared

As discuss&decdd oeEDBoubd a significant portio
when the 2022 st akhd agsdcwatbdilgerh etf ¢ eccd ¢laBED s

are required to have di mming drivers that red
full power in the current s twaonudhddrrde.a dTyh ibse nuesa m
|l amp power contrdolmmemg d¢apddl ¢ dohfearet .i sT meor efos
increase for the | amp power controller for th
controllers that dim to 10 pewaocwdildr ead ye .h adviemns
mar ket share greatarsttifan tthrea tcsuur gressdqgtu i ti anrgd & rha
contrwobileadts i n gener al Il ncrease the cost of mq

Al t hough the capability to diombeElosfi@ngdardept at
by the time the 2022 sy annawirndgs takre <etfiflelcthe ec
the i mplementation of that capability is not

of the proposed requirement. Wit hadut daayrlaquitri
cont,roplrsojects may dhogbee tte@evmaisntodi mi ght i n t
only to 3nbeeptdrimoge rctu,r r ent r equitrheemresen fissi céeeamn wh
daylight to damdtohdémpktrcentrols capable of
inst.all ed

Al t hough the thpaeagesinotampcluded in the firs
affect the technology used in the | amp power
|l amp types has changead piendeorthed®@aniafl grsmisa
Energy. Cbde darydqguwihrtemegnt s adopted into the cu
based on T8 fluoré€f€akbntotamp Ut kxtlutees Statew
Standards Tedme2ftfodsiti veness analryeduwsi rsaurmperotrd
was done in 2011. At that time T8 fluorescent
the commercial (Navli giam¢g @Banketi tBiyn ®,0211n d.EDx0 =2
predicted to havealo@srikeR icleent Reod e.a rhehv €0 1t9h a t
LEDs would have even more mar ket share than T
used to justify an update to the standard, an
constructi om,t ei tt oi sbaaspeprtchper i2022 | amp power <coO
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The | amp power controller technology used to
dim fluorescents. Fl uorescents use di mming ba
cost differencehassoctwatedcwnohogies, but it |
effectiveness analysis because LEDs with the
already be standard practice.

Il n s ummaray ,e itmodr enfie ctgaftor t he foll owing reasor
T Phot &:¢dler e i s neoqucihpahmegoein itnhe current requir
T Daylighting | oghereontr add eihmfmegoem itnhe cur r e

requirements.
T Lamp power cbampopbwes:controllerns that di
expectbed sttoandard practice when .the 2022 st

The Statewide CASE Team reviewed this assumpt

ut i-dsparnysor ed st

Tabl@Tabl e
Requirements

-A 3Nullg v e |

akehol der meieansngtso atnhdi sh eaasr sdu mmpc

Li ght ianngtd nd of notrrnoiltsy

Lumindype Mi ni mum RegUni form | evel
Control Stlofi I  umi sslaalcle be
(percent dgachieved by:
rated %P owe

Liweltage sockhkContinuougContinuouslodo ondni

e X c é&pe 4 di mmi ng

Lowol tage incr:lelooo/0

systems

LED | uminaires

source systems

GU24 rated for

GU24 sockets r|ContinuousgContinuous -H0 Oni

fl uorescent > (201000 %

Pi-mased compac

fluorescent >

GU24 sockets riMinimum on ¢ Stepped di mmi

fluorescent O |between ¢ Continuous di

Pi-mased compa‘c3970% T Switching alt

fluorescent O i nl ami naire

Linear quomgs

fl uorescent O
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Lumindype Mi ni mum RegUni form | evel
Control Stjofill umixalcle be
(percent dachieved by:
rated %P owe
Linear fl uo#hesMini mum on ¢ Stepped di mmi
fluoredB8ewhttsin each rg ¢q continuous di
T 2640% 9 Switching alt
7T 5070% in each | umin
T 7585 % mi ni mum of 4
T 100% [ umi ndil ruemi n a
Ssame area ang
manner .
Tralcikghti ng Mini mum orn 9 Step di mmi ng;
HID > 20 wattsgat?\g%/en f Contusudi mmi n
0
Il nduction > 25 ‘HSgapar.atelly SV
circuit-si i auin
Ot hleirglbour ces with a mini mu
circuits.
a.Full rated input | powerorafe sipalnlddsntg @amd maxi mum bal |l ast
b.Ilncludes only pin based | amps: atlwilna npub e, mul tiple t

5.4ncremdaitati e maardc e&Re p | aCcoesmesn t

|l ncremental first cost is the initial cost to
practices when compared to the cTohsetr eo faraen neog u
i ncrement al mai ntenance or replacementlcosts
system that iis capable to reduce |lighting pow
percent (proposed code) requires the same mai
theremoarnecremental costs associated with the

The St atAeSvE dleeaGn reviewed this assumption with
ut i-spamnysored stakedamd dlefeameeno nglsj ecti ons to t

5. RosEf fectiveness

This measur e pr oproesgewsi rae nmeamtd.a tAsr ysuc h, a cost
to demtrate that tdéafef enctaisweE Fevwasr ptelsd od of ana

ThEnerCoymmi ssi on espgradbd e dlhreess tftherefche¢cuil aenags
The Statewi decodA SaEh ofreaatnred wi th Energy Commi ssi
t hmet hodol ogy in this regoirdelisocéenpdspogseBicvidt
were included Tihmn ctrheemdanntaa Ity s¢ east amad nitnrecnraennceen t
costs olvseeat hperiod of analysis were included

2Q2ZTitl e 2&F) nBASHE ReipRAr2NRL i g-F 1616


https://energycodeace.com/site/custom/public/reference-ace-2019/Documents/gloss_illuminance.htm
https://energycodeace.com/site/custom/public/reference-ace-2019/Documents/gloss_tracklighting.htm

we
i n
Ac
be
co
ma
co

As
Si
ty
c |
bu

racl soacl uded Iin Déoei gvatosats owenrowentente i ncl ude
cremermsb&lodeosto mper iafniceat i on.

cor di megn etrogy Comsmi defonitionsefdemeaver efi ¢t
ndafesiotg B/rCatiiso gr eater t hraantiido ®al dhleatBé C by di
st beeafi t&88 eoabesr t he total sinwhembnitatl odes
i Nt enanc & Sceocasiithse fBo/rC rati o was calcul ated us
st savings.

di scussedhebevare no costs associated with
nce reducing | 1 ghtyiineg mpsower ctoctl G ape mgent n
pes andoncedsi,matthee apreo rdhsaendgec has an infinite
i mate Heees he energy cost savings (benefit)
il ding type aAppendimatlid: zone in
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6 Fi fYeat aBelvmpgact s

6. Bt at ewiedregyEENner gy Cost Savings

The Statewide CASE fTepesmacastcat atwede tnéeaw i ng s
constructmuwint i pl-ymintg ¢ d\wi aprgees , p rwehd eerht dd,3ibny Sect
assumptions about the percentageoabednewly con
i mpacted by ¢ dhaede psriDdptwesweidde new constBustion f o
presenAppencas Are the Statewide CASE Teamds ¢
percgataf new comwntubecti mpact eat by the proposa
zone and buitdshgult ¢ghmee 200dt9e CASE report assum
number of building types affected, in 2023 th
represetritdtriuvencempliance which increased the
forezmadtsavi ngs.

TheSt at ewi de CASE Te analatsesruaate dountnhh aiah heblixei st i ng

buil ding stockeri sydldm spearscsamtp ttihopen DGsEobsased on
l ighting mar ket model, which fAcovers all upgr
of their i mpetus, representing replacements t
lighting fixtdr &€bheftDegpa20tl®ent o

The cumreeacgiyde2019 Title 24, Part 6, Section 14
options to croompid ¢siwdermalt theerrbetqoub riemPmity one of
the three avail abl e compl i-laOn0c ep eorpctoifo nL,sP,D r ef er
all owanced in this report, requires automatic

Théei-ye&merignpacts represemtanmeal savings fron
t hat were coBhétyeedamaear Y 2cost savings repres:
cost savings losyeamthegsesdlthipeesitad ewi de savings
do not take natwurally occurring mar ket adopt.i

Pewunit energy savingstwereesatmsal aredsanétad t
affected floor stock of considered building t

Tab2®r esenftisydthre st atewi daeeeggr gpsameawi ngs
constructedybweil dnan@s zone

Tab2resent syddire dtiatsewi de energy and energy
alrteet itaruss | dings by climate zone.

Tab2®»resenysafi ssbtewide savings from new con
alterations.
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Tab2@ Statewi daedvdErkaregyy

CadNewl @pasthsuctio

Stat ewi ( ,
Constru .. F1rYsetg , 15¥ear Pr
Fi rYsetd Pea Fi rYseta
. | mpact { Val ukende r
Clim Elect| El ect| Natur a
Proposed . . Cost Sa
Zone in 2 Savi| Demat Savi Dl
_ _ ( Gwh Reduct{(MMTher ( P VS !
(mil 1 i orn 2072
( MW
f eceg
1 0. ¢ 0. ( 0. ( (0 $0.
2 3. ! 0. 1 0. ( (0 $0.
3 16. 1. ] 0. ( (0 $2.
4 8. 0. ] 0. ( (0 $1.
5 1. ¢ 0. ] 0. ( (0 $0.
6 11. 1. ( 0. ( (0 $1.
7 8. 0. ] 0. ( (0 $1.
8 16. 1. 4 0. ( (0. $2.
9 27. 2 . 1 0. ( (0. $5.
10 14. 1. 4 0. ( (o $3.
11 3. 0. 1 0. ( (o $0.
12 18. 1.1 0. ( (o $2.
13 6. 1 0. ¢ 0. ( (o $1.
14 3. 4 0. 1 0. ( (0 $0.
15 2. ] 0. 1 0. ( (0 $0.
16 1. ] 0. ] 0. ( (0 $0.
TOTA 144. 12. 0. | (0 $24.
a. Firsgar savings from all buil8ings completed statewic
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Tab?2 &St atewide Energy and EAletrgryatCiosns | mpact s
, S(t::r:;twrltjlzl FYseta PeaFkI r??tiNzlt LYfe;alth;(Ie%redPr[
Clim ImpactnEI ect De ma i Savi Cost Sa
Zon g Propo| >2aVl Reduc{(MMTher| PV$ mi l
Change i ( GWI ( MW ) 202
1 1. ¢ 0. 0. ( (0. $0.
2 11. 0. ¢ 0. ¢ (0. $1.
3 53. 3. 0. ( (0. $6.
4 2 7. 2. 7 0. ( (0. $4.
5 5. 4 0. 4 0. ( (0. $0.
6 39. 3. 4 0. (0. $5.
7 29. 2 . ] 0. (0. $4.
8 56 . 4 . 0. (0. $9.
9 91. 8. ] 0. (0. $18.
10 55. 5.1 0. ( (0. $11.
11 10. 0. ¢ 0. (0. $1.
12 57. 4 . 0. (0. $8.
13 21. 2 . 0. ( (0. $4.
14 12. 1. ! 0. (0. $2.
15 7.1 0. ¢ 0. ( (0. $1.
16 3. 0. | 0. ( (0. $0.
TOTA 485. 42 0. ¢ (0. $83.

a. Fi ryetar

Tab?22 Statewi

savings

de

Energy

Al tergamadnAddi ti ons

from adtlatbeuwil dda nigns Z02mp.l et ed

an d Nemnwe rCpyn s@a sutc tlimma ct

Construct/ Fi rYseta Fi rYsetar | Fir-vea 15YeaPres
Type El ectnEl ectrica Natura| Valued Ene
Savi i Reduct Savi i Savi i
( GWh (MW (MMThen| (PV$ mihl DI
New Const 12. 0. ( 0). $2 4 .
Addi tions 42 . 06 ( 0). $8 3.
Al teratioca
TOTAL 55. 08 ( @). $0 7.
a. Fi fyetar saviamgs afift@emati ons compl eted statewide in 20:
6. B3t atewi de €éGe¢ GH&IM ssi ons Reductions

TheSt at e&wVASIE Tealmcul ated a

emi ssi ons

factoUsi spdcbBtatdsi BnvheonmaSht al

2Q2Zritl e

voi ded

GHG
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EPAEmMIi ssions & Generation Resource Weptéegrated
Electricity Coordiinat(iVienC CowA¥) i €m.l i Awoinded ¢
emi ssions from natural gas savingsscaatlteri butab
el ectrical power generation are calcal ated us
EPAG6s Compil ation of Aiior sPg2APedpmendEimoisC€i ons
additional detailss®d tdecanled hloaltbdhoGH@ re mi < shii «
anal ysi s aasvseurneegse aenl ectricity emission factor
GWh based on the average emission factors for

Tab2®resent he estyiemat ed ofiidredt GHG emi ssions of
code change. PepGH@ mi ssi D8t ri ¢c tons of <car
di oxide edetvakeldDemcs(!| chvine.d e d

Tab?®8Fi rYsetar St atewide GHG Emissions | mpacts
Measur |El ectl Reduced Nat u Reduced Tot
Savinh Emi ssi on GagdgEmi ssi on Reduc
( GWh/ El ectl Savih Natur a CQe
Savih (MMThe SavihEmi ss
( Metri sy (Metri q( Metrigq
CO2c¢ C0O2¢ CO2g¢
Dayl i g| 55. 1344 0. 3 1, 8] 11, §
Di mmit ro|
10%
a. Fifrysetar savings from al/l buildings completed statewic

b. Assumes the foll owkRAOMBGO2 s/ GWhH ,faWMTACAONEMT her ms

6. St atewWatder Use | mpact s

The proposed wooudhedtc Ireeosgpd wWati mr savihegseduction
el ectr iwoiuttydnsee vetWwatrenmedtectri c upscewern (dloaompt s
systems thei Theatewater savings are not yet ¢
propasal s

6. St at eMatder i al | mpact s

As di scibesscedlothhmreur rent and proposeadcqudde rtehgeui
same equi pment to complprodhamminhy wihtalmige ¢ en
enabl e dimming to 10 perTdeernetftohres,teeads wnfo 22X pre
change in materi al use.

6. Dt hHBo+nerigmpact s
The Statewi dedaeCsAB&EntTieminpate -angrgyhempaohs
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7 Pr opoRseevdi si mmeah ou &g e

7. Gui de tolLKagkapge

The proposed ochamgleagRdsfoertéhrece Appendices, and
Reference Manuals are pr ovi3deodc ubneel notws. aQhea nngaersk

wi t Bdnder l(inewnd angusa&ge)xea(hdeoluegthisons) .

7. 3t andar ds
SECTI ONTDEBI NI TI ONS AND RULES OF CONSTHK

(b) Definitions. Terms, phrases, words and their derivatives in Part 6 shall be defined as
specified in Section 100.1. Terms, phrases, words and their derivatives not found in Section
100.1 shall be defined as speci fi eldough®d t he
of the California Code of Regulations. Where terms, phrases, words and their derivatives are
not defined in any of the references above, they shall be defined as spediffedster's
Third New International Dictionary of the English Languageabindged(1961 edition,
through the 2002 addenda), unless the context requires otherwise.

DAYLIT ZONE is the floor area under skylights or next to windows. Types of Daylit Zones
include Primary Sidelit Daylit Zone, Secondary Sidelit Daylit Zone, and SBgitit Zone.

SIDELIT DAYLIT ZONE, PRIMARY s the area in plan view directly adjacent to each
vertical glazing, one window head height deep into the area, and window width plus 0.5 times
window head height wide on each side of the rough opening of thewjmdinus any area on a
plan beyond a permanent obstruction that is 6 feet or taller as measured from the floor.

SIDELIT DAYLIT ZONE, SECONDARY is the area in plan view directly adjacent to each
vertical glazing, two window head heights deep into the arghwindow width plus 0.5 times
window head height wide on each side of the rough opening of the window, minus any area on a
plan beyond a permanent obstruction that is 6 feet or taller as measured from the floor.

SKYLIT DAYLIT ZONE is the rough area in plan view under each skylight, plus 0.7 times the
average ceiling height in each direction from the edge of the rough opening of the skylight,
minus any area on a plan beyond a permanent obstruction that is taller tHeaif dhe dstance

from the floor to the bottom of the skylight. The bottom of the skylight is measured from the
bottom of the skylight well for skylights having wells, or the bottom of the skylight if no skylight
well exists. For the purpose of determining the skidylit zone, the geometric shape of the

skylit daylit zone shall be identical to the plan view geometric shape of the rough opening of the
skylight; for example, for a rectangular skylight the skylit daylit zone plan area shall be
rectangular, and for arcular skylight the skylit daylit zone plan area shall be circular. For
skylight located in an atrium, the skylit daylit zone shall include the floor area directly under the
atrium, and the area of the top floor that is directly under the skylight, plusries the average
ceiling height of the top floor, in each direction from the edge of the rough opening of the
skylight, minus any area on a plan beyond a permanent obstruction that is taller thaif tdrne
distance from the top floor to the bottorintlee skylight.
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LIGHTING CONTROLS consist of the following:

Dimmer, Full-Range or Continuous Dimmemeans a dimmer thaéries the luminous flux of

the electric lighting system over a continuous range from the device's maximum light output to
the devicts minimum light output without visually apparent abrupt changes in light level
between the various steps.

Daylight Continuous Dimming Control means a Continuous Dimmer that varies luminous
flux in response tavailable daylight.

SECTI ONTMANDATORY | NDOOR LI GHTI NG CONTF

Nonresidential, highiise residential, and hotel/motel buildings shall comply with the applicable
requirements ofections 130.1(a) through 130.1(f), in addition to the applicable requirements of
Sections 110.9 and 130.0.

(sectiors omitted)

(dAut omati c Dayl iThkt igr g e € @bkt yd Ridigyh 420 mesn d n
Ppr i ma@sr ¢ DHaiytFaonesS conBiadrdypy Vatesas wel |l as th
l ighting in the combined primary and second
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S
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e
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or sklyolciagthetd i n Ssawy Déaty Zaouwredefti-hsehail bnappl y
| oor area directly under the atrium and

Al skyl it yl it zon®g.,0on@radradaiy ®d nseasde | i t d
the combin pridmalriyt adaylsietc onadmey isn par ki
n t p |
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NOTHE:ar king areas on the roof of a parking
dayl it areas.

2. The automatic daylighting coldmioidGeainmdral | p
Lighinngach typéuvemindayesttBanediaghti ng bot !
over | gshpbDagl|l i anaPonemary o6 & eHabyhdioatrey s hal |
be controll ey Bty patGehefreatthe i ght Prngnairny ove
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Day VFdrne.

EXCEPTItON 130Lilghdt) 2emi tting dsotles 6ELBDe) | al
(SSL) sballcekmd achpasi n i nc.rGememnrtad L d&fDogyzh tfi enegt
SSlcy osascirngs s muzromes et yyaegsds i orndacaoyn idtaydane :
shall bewistlimeofd wdhgeee acth ODwpzoimed separat el
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3.The automatic doawllilghti ng control s
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A.For spaces required to instal/l mul t il

' i ghting wvdiiamntionngt ionfru otuhse number of con
multilevel control s;

B.For each space, ensure theaoddmd dad hitlilnuw
day !l i g htthan the illumibanck fom £ontrolled lighting when no daylight is
available;

C.For areas other than parking garages,

en.

greater than 150 |Idermdemtn ceef rtelcee i dveesdi gm om
system at full power, the gener al i ght i

reduced by %GWmencwmaom; oand
D. For parking garages, ensure that whe

n i

edge of t hsei dseelciotn dzaornye away from the gl azi
150 percent of t e itlhleumiomamod | prdo vii dyend i

is available, the contr alelreoed | i ghting po"

4. Whemhot osensors are | ocated within the dayl
|l ocated aobethat thedily accessible to unau
5. The |l ocation where calibration adjustments

controde rschamdie¢lsysi bl e to authorized personn:¢

case or under a codovoer awhciecshs .requi res a

EXCEPTION 1 to Section 130.1(d)Areas under skylights where it is documented that existing
adjacenstructures or natural gdrts block direct sunlight for more than 1,500 daytime hours per
year between 8. m. and4 p.m.

EXCEPTION 2 to Section 130.1(d)Areas adjacent to vertical glazing below an overhang,
where the overhangpvers the entire width of the vertigidhzing, no vertical glazing is above

the overhang, and the ratio of tineerhang projection to the overhang rise is greater than 1.5 for
South, East and West orientations or greater thfan North orientations.

EXCEPTION 3 to Section 130.1(d)Rooms inwhich the combined total installed general
lighting power in theskylit Daylit Zone and Primary Sidelit Daylit Zone is less than 120 Watts,
or parking garage areas where thi@l combined general lighting power in the sidelit daylight
zones is less tharD@vatts.

EXCEPTION 4 to Section 130.1(d)Luminaires in Secondary Sidelit Daylit Zone(s) in an
enclosed space in which the combined total general lighting power in Secondary Daylit Zone(s)
is less than 120 watts, or where the combined total general fightiwer in Primary and

Secondary Daylit Zone(s) is less than 240 watts.

EXCEPTION 4 5to Section 130.1(d)Rooms that have a total glazing area of less than 24
square feet, goarking garage areas with a combined total of less than 36 squaredizating
or opening.

EXCEPTION 56 to Section 130.1(d)for parking garages, luminaires located in the daylight

adaptation zongreHuminairostaronbrdodicatodramBayightadastmtionzeno-and

2Q2ZTitl e 2&F) nBASHE ReipRAr2NRLI g-R1714

t oo



EXCEPTION 6 7 to Section 130.1(d)Luminaires inSsk y Ddlaty Fzo n & setail
merchandise sales and wholesale showroom areas.

SECTI ONTPRESEGRI PTI VE REQUI REMENTS FOR |
LI GHTI NG

(a) Calculation of Adjusted Indoor Lighting Power. The adjusted indoor Lighting Power of
all proposed building areas is the total watts of all planned permanent and portable lighting
systems in all areas of the proposed building; subject to the applicable adjustments under
Subdivisions 1 through 4 of th&sibsection.

(section omitted)

2. Reduction of wattage through controlsln calculating Adjusted Indoor Lighting Power,
the installed watts of a luminaire providing general lighting in an area listed in TABLE
140.6A may be reduced by the product of (i) the number of watts controlled as described
in TABLE 140.6A, times (ii) the applicable Power Adjustment Factor (PAF), if all of the
following conditions are met:

A. An Installation Certificate is submitted in accordance with Section 130.4(b); and

B. Luminaires and controls meet the applicable requirements of Section 110.9, and
Sections 130.0 through 130.5; and

C. The controlled lighting is permanently installed general lighting systems and the
controls are permanently installed nonresidemtagd lighting controls.

When used for determining PAFs for general lightingffices, furniture mounted
luminaires that comply with all of the following conditions shall qualify as
permanently installed general lighting systems:

i.  The furniture mounted luminaires shall be permanently installed no later than the
time of building pemit inspection; and

ii. The furniture mounted luminaires shall be permanently hardwired; and

iii. The furniture mounted lighting system shall be designed to provide indirect
general lighting; and

iv. Before multiplying the installed watts of the furnitum®unted luminaire by the
applicable PAF, 0.3 watts per square foot of the area illuminated by the furniture
mounted luminaires shall be subtracted from installed watts of the furniture
mounted luminaires; and

v. The lighting control for the furniture moted luminaire complies with all other
applicable requirements in Section 140.6(a)2.

D. Atleast 50 percent of the light output of the controlled luminaire is within the
applicable area listed in TABLE 1404 Luminaires on lighting tracks shall be
within the applicable area in order to qualify for a PAF.

E. Only one PAF from TABLE 1406 may be used for each qualifying luminaire.
PAFs shall not be added together unless allowed in TABLE 440.6
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F. Only lighting wattage directly controlled in accordancéhwBection 140.6(a)2 shall
be used to reduce the installed watts as allowed by Section 140.6(a)2 for calculating
the Adjusted Indoor Lighting Power. If only a portion of the wattage in a luminaire is
controlled in accordance to Section 140.6(a)2, thenthalyportion of controlled
wattage may be reduced in calculating Adjusted Indoor Lighting Power.

G. Lighting controls used to qualify for a PAF shall be designed and installed in addition
to manual, multilevel, and automatic lighting controls require8eation 130.1, and
in addition to any other lighting controls required by any provision of Part 6. PAFs
shall not be available for lighting controls required by Part 6.

H. To qualify for the PAF for daylightontinuousdimming plus OFF control, the
daylight control and controlled luminaires shall comply with Section 130.1(d),
130.4(a)3 and 130.4(a)7, atick controls shall be continuous dimmugdshall
additionally turn lights completely OFF when the daylight availabtée daylit zone
is greater than 150 percent of the illuminance received from the general lighting
system at full power. The PAF shall applyiy to the luminaires in the primary sidelit
daylit zone secondary sidelit daylit zonand the skylidaylit zone

(section omitted)

-y tomatie—bDaylbighting Conthlolhsluvmi—sSeicroag apyo
genreratlt—ti+ghting—that—+s——+n—eor—parti-ally in
P+r+marvy—S+del i+t Daylit Zone shalll:

e o nl 0 e e oo e e oL Lo s oL 0l e
that—meet—the appltieable requirements of S

2-Be—controlled +n—acecordanece—withthe appli

3A+t—SecaldatrybBb&Sy++t—Zones —shalt—be shown ol
enftoreing agency.

EXCEPTH+HON—1 —to Setemiinoan11edsOi6nl-dSyecondary Si de
B T e T e e I NG BN g
Zmmel(s)y +stess than 1206 watts,—or——whetr e the
and—Seecondary bBbayt+t+—70ne(s) is | ess than 24

o++entati ons.

sgqguare feet, or parking garage areas with a
gt+az+nrg—0r opening.

EXCEPTHIHON 5 to deucmiinoan r1ed4sO i6nl dsyi-del -t dayl it
slaes—and—wholesal e showroom ar eas
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TABLE 140.6A LIGHTING POWER ADJUSTMENT FACTORS (PAF)

TYPE OF CONTROL

TYPE OF AREA

| FACTOR

a. To qualify for any of the Power Adjustment Factors in this table, the installation shall comply
the applicable requiremenin Section 140.6(a)2

b. Only one PAF may be used for each qualifying luminaire unless combined below.
c. Lighting controls that are required for compliance with Part 6 shall not be eligible for a PAF

1. DaylightContinuous
Dimming plus OFFControl

Luminaires in skylit daylit zone or primary sidelit daylit
zone

0.10

2. Occupant Sensing
Controls in Large Open
Plan Offices

No larger than 125 square

In open plan offices > 250 feet

0.40

square feet: One senso From 126 to 250 square fe

0.30

controlling an area that is

From 251 to 500 square fe

0.20

3. Institutional Tuning

Luminaires in nordaylit areas.

Luminaires that qualify for other PAFs in this table may
also qualify for this tuning PAF.

0.10

Luminaires in daylit areas.

Luminaires that qualify for other PAFs in this table may
also qualify for this tuning PAF.

0.05

4. Demand Responsive
Control

All building types of 10,000 square feet or smaller.

Luminaires that qualify for other PAFs in this table may
also qualify for this demand responsive control PAF

0.05

5. Clerestory Fenestratior,

Luminaires in daylit areas adjacent to therestory.

Luminaires that qualify for daylight dimming plus OFF
control may also qualify for this PAF.

0.05

6. Horizontal Slats

Luminaires in daylit areas adjacent to vertical fenestrat
with interior or exterior horizontal slats.

Luminaires that quél for daylight dimming plus OFF
control may also qualify for this PAF.

0.05

7. Light Shelves

Luminaires in daylit areas adjacent to clerestory
fenestration with interior or exterior light shelves. This
PAF may be combined with the PAF for clerestory
fenestration.

Luminaires that qualify for daylight dimming plus OFF

0.10

control may also qualify for this PAF

2Q2Zritl e
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7. Reference Appendi ces
Nonresidential Appendi x NA7

Appendi xI Navall ation and Acceptance Requireme
BuildinGsvanedd Processes

NA”. 6 nddadrghntg Control Acceptance Requirements

Lighting control acceptance testing shall be performed on:

(&) Automatic Daylighting Controls complying with Section 130.1(d) or Section
140.6(d).

(b)  Shut-off Scontrols complying with Section 130.1(c).

(c) Demand Responsive €controls complying i-aceerdance with Section 110.12
130.1(e).

(d) Lighting controls installed to earn a power adjustment factor for institutional
tuning in accordance with Section 140.6(a)2J.

NA’76. 1 Automatic Daylighting Controls Acceptan
NA 7. 6Candgtruction I nspection

(a) The general lighting in skylit daylit zones, primary sidelit daylit zones and

secondary sidelit daylit zones, or the general lighting in the combined primary
and secondary sidelit daylit zones in parking garages, is controlled by
automatic daylighting controls

(b) The daylit zones are shown on the plans.

(c) The automatic daylighting controls provide separate control for luminaires in
each type of daylit zone. Luminaires that fall in both a skylit and primary sidelit
daylit zone are controlled as part of the skylit zone.

(d) For photosensors located within a daylit zone, at least one photosensor is not
readily accessible to unauthorized personnel, including inside a locked case or
under a cover that requires a tool for access.

NA 7. 66ubc?itlersdli ng

All photocontrols serving more than 5,000 ft2 of daylit area shall undergo functional
testing. Photocontrols that are serving smaller spaces may be sampled as follows:

For buildings with up to five (5) photocontrols, all photocontrols shall be tested. For
buildings with more than five (5) photocontrols, sampling may be done on spaces with
similar sensors and cardinal orientations of glazing; sampling shall include a minimum
of one (1) photocontrol for each group of up to five (5) additional photocontrols. If the
first photocontrol in the sample group passes the functional test, the remaining building
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spaces in the sample group also pass. If the first photocontrol in the sample group fails
the functional test, the rest of the photocontrols in the group shall be tested. If any
tested photocontrol fails the functional test, it shall be repaired, replaced or adjusted
until it passes the test.

For each photocontrol to be tested, do-the-fellowing: {a)Fest test each group of lights
controlled separately by the photocontrol according to the fellewing protocol in NA

7.6.1.2.1 Continuous Dimming Control Systems or NA 7.6.1.2.2 Stepped Switching or
Stepped Dimming Control Systems. In parking garages, the tests are conducted on
daylighting controls that control together the combined area of the primary and
secondary sidelit daylit zone. In all interior spaces other than parking garages, a
separate tests shall be conducted for daylighting control of the primary sidelit daylit zone
separate-from-and for daylighting control of the secondary sidelit daylit zone.

NA 7.6Cdn2iLdAuous Di mming Control System

This requirement is for daylighting control systems that have more than 10 levels of
controlled light output in a given zone. Note: regardless of whether a light source is
dimmable or dimmed by other controls, if the daylighting control has less than 10 steps
of control, the daylighting control shall be tested in accordance with NA 7.6.1.2.2
Stepped Switching or Stepped Dimming Control Systems.

(a) Reference Location. Identify the minimum daylighting location in the controlled
zone (Reference Location) for each daylit zone type (skylit, primary sidelit, and
secondary sidelit) in the space. This can be identified using either the
IHluminance Mmethod or the_Ddistance Mmethod and will be used for illuminance
measurements in subsequent tests. For parking garages, the reference location
should always be the farthest edge of the secondary sidelit daylit zone away from
the glazing or opening.

lluminance Method

{b).Turn off ©FF controlled lighting and measure daylight illuminance within
zones illuminated by controlled luminaires.(€}. ldentif-the The Reference
Location; this-is the task location with lowest daylight illuminance in the zone
illuminated by controlled luminaires. Fhistocation-will-be-used-for-luminance

measurements-in-subseguent-tests: Turn the controlled lighting back on before
proceeding to the no daylight test.

Distance Method

dent-iThRetff e ence L otcaastk olnodat itchmre wi t hi n t he
il luminated by controlled |l uminaires that

Fhi s i+ s the Reference location—and—wilo|l be
subseguent tests.

(b){e) No Ddaylight Ttest. Simulate or provide conditions without daylight. Verify
and document the following:

1. Automatic daylight control system turns on all controlled lighting to

provides appropriate control so that electric lighting system is providing
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3.

full light output unless otherwise specified by design documents or it
has been documented that the continuous dimming luminaires have
been intentionally tuned to less than full light output. Documentation
includes NA7.7.5.2 for luminaires claiming the Power Adjustment
Factor (PAF) for Institutional Tuning.

Document the Reference llluminance reference-huminance, which is
the electric lighting illuminance level at the Reference Location
reference-location identified in NA 7.6.1.2.1(a) Stept.

Light output is stable with no discernable flicker.

(c){e) Full Ddaylight Ttest. Simulate-erprevide Provide bright conditions where the
daylight illuminance is greater than 150 percent of the reference illuminance

measured during the no daylight test, or provide simulated bright condtions

including shining a bright light into the daylight sensor. Verify and document the

following:

1.

o |
b

AN

|

For parking garages the controlled lighting power is zero. For all other
applications, Lighting lighting power reduction is at least 9 06-Spercent
under fully dimmed conditions and

light Light output is stable with no discernable flicker.

Only luminaires in daylit zones are affected by daylight control. . If the
daylighting controls control lighting outside of the daylight zones
including those behind obstructions as described in Section 130.1(d)1,
the control system is not compliant.

If a Power Adjustment Factor is claimed for Daylight Dimming plus
OFF controls in accordance with Section 140.6(a)2H, compliant
systems shall automatically turn OFF the luminaires that are receiving
this credit. This portion of the full daylight test does not apply to lighting
systems that are not claiming a Power Adjustment Factor for Daylight
Dimming plus OFF controls.

If a PAF is claimed for daylight dimming plus off controls in accordance
with Section 140.6(a)2H, compliant systems shall automatically turn off
the luminaires that are receiving this credit. This portion of the full
daylight test does not apply to lighting systems that are not claiming a
PAF for daylight dimming plus off controls.

(d)-F Partial Ddaylight Ttest. Simulate or provide daylight conditions where
illuminance (fc) provided only by frem daylight only at the Reference Location is
between 60 and 95 percent of Reference llluminance (fc) measured during the

no daylight test. deeumented-in-Step(b)2: Verify and document the following:

1.

Measure that the combined Humiranee-of daylight and controlled
electric lighting illuminance (fc) at the reference-location Reference

Location is no less than the electric-tighting-Huminance Reference

llluminance (fc) measured at this location during the no daylight test

B ]
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2. Measure that the combined illuminance of daylight and controlled
electric lighting (fc) at the Reference Location is no greater than 150
percent of the reference-luminanece Reference llluminance (fc)

documented in Step (d) 2.
3. Light output is stable with no discernable flicker.
4. Only luminaires in daylit zones are affected by daylight control.

(e) _Alternate Partial Daylight Test. Outdoor horizontal illuminance is at least 4,000
fc and where illuminance (fc) from daylight only at the Reference Location
(Partial Daylight llluminance) is no greater than 95 percent of Reference
[lluminance (fc) measured at this location during the no daylight test. Verify and
document the following:

1. Measure the Partial Daylight llluminance (fc) at the Reference
Location. This can be measured by turning the electric lighting off.

2. Measure that the combined daylight and controlled electric lighting
illuminance (fc) at the Reference Location is no less than the
Reference llluminance (fc) measured at this location during the no

daylight test
3. Measure that the combined illuminance of daylight and controlled

electric lighting (fc) at the Reference Location is no greater than Partial
Daylight Combined llluminance Maximum, (PDCI Max).

PDCI Max = Reference llluminance + 0.40 x Daylight llluminance

Light output is stable with no discernable flicker.

5. Only luminaires in daylit zones are affected by daylight control.

NA 7.6.1.2.2 Stepped Switching or Stepp
Syst ems

This requirement is for systems that have no more than 10 discrete steps of control of
light output.

(a) Reference Location. Identify the minimum daylighting location in the controlled
zone (Reference Location) for each daylit zone type (skylit, primary sidelit, and
secondary sidelit) in the space. This can be identified using either the illuminance
method or the distance method and will be used for illuminance measurements in
subsequent tests. For parking garages, the reference location should always be
the farthest edge of the secondary sidelit daylit zone away from the glazing or

opening.
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lluminance Method

1-Turn off ©FF controlled lighting and measure daylight illuminance within zones
illuminated by controlled luminaires.-2: ldentify-the The Reference Location: this
is the task location with lowest daylight illuminance in the zone illuminated by

controlled luminaires. Fhislecabenwill-bewsed-foruminarcomensuremenisin

subsequenttests: 3 Turn the controlled lights-lighting back ©N on before

continuing with the other tests.
Distance Method

dent-iThRetf ke ence L otcaastk olno dast itaamewi t hi n t he
il luminated by controlled |l uminaires that

This is the Reference Location and will be
Ssubsequent tests.

(b) No Ddaylight Ttest. Simulate or provide conditions without daylight for a
stepped switching or stepped dimming control system. Verify and document the
following:

1. If the control is manually adjusted (not self commissioning), make note of
the time delay and override time delay or set time delay to minimum
setting. This condition shall be in effect except for Verify Time Delay test

NA 7.6.1.2.2(e).. through-step-4.

2. Automatic daylight control system turns ON all stages of controlled lights
unless it is documented that multi-level luminaires have been "tuned" to
less than full output and providing design illuminance (fc) levels.

3. Stepped dimming control system provides reduced flicker over the entire
operating range as specified by 8110.9.

4. Document the reference illuminance which is the electric lighting
illuminance level measured at the reference location identified in NA
7.6.1.2.2(a). Step-t.

(c) Full Ddaylight Ttest. Simulate or provide bright conditions. Verify and document
the following:

1. For parking garages, the controlled lighting power consumption is zero.

For all other areas, Lighting power reduction of controlled luminaires is at
least 9 06-5percent.

2. Only luminaires in daylit zones (toplit zone, primary sidelit zone and
secondary sidelit zone) are affected by daylight control. If the daylighting
controls control lighting outside of the daylight zones including those
behind obstructions as described in Section 100.1(b) 436-3{e)1, the
control system is not compliant.

3. Light output is stable with no discernable flicker.
(d) Partial Déaylight Ttest. | f t he control l13ysbemhhas 08¢
contr ol bet ween on and of f, t est al | control

2Q2ZTitl e 2&F) nBASH ReipRAr2NRL i g-R 812



system has more than three (3) steps bet ween
steps between on and off isnseffi¢i ehe tonte
system has zero (0) steps between on and off
necessary. For stepped switching control SYS
achieved by turning some |l uminairets @amygroup

steps bet we eForeach coatrolétage thdt is tested in this step, the
control stages with lower setpoints than the stage tested are left ON and those
stages of control with higher setpoints are dimmed or controlled off. Simulate or
provide conditions so that each control stage turns on and off or dims. Verify and
document the following for each control stage:

1. Document the total daylight and electric lighting illuminance level
measured at its reference location just after the stage of control dims or
shuts off a stage of lighting:

A. The total measured or simulated illumination shall be no less than
the reference-illuminance Reference llluminance measured at this

location during the no daylight test decumented-in-Step-2-

B. The total measured or simulated illumination shall be no greater
than 150 percent of the reference-iluminance Reference
llluminance .
2. The control stage shall not cycle on and off or cycle between dim and

undimmed while daylight illuminance remains constant.

3. Only luminaires in daylit zones (toplit zone, primary sidelit zone, and
secondary sidelit zone) are affected by daylight control.

(e) Verify time delay.

1. Verify that time delay automatically resets to normal mode within 60
minutes.

Set normal mode time delay to at least three minutes.

Confirm that there is a time delay of at least 3 minutes between the time
when illuminance exceeds the setpoint for a given dimming stage and
when the control dims or switches off the controlled lights.

7. ACM Reference Manual
5. 4. baylighting Control

This group of building descriptors is applica
or dayl i ghrteignugi rceommetnrtosl.

California prescribes a modified version of t
for compl i anicret.erTrhals d asy laiegatuisreg tmet wkad cul at i
automatically performed byl itdhletssddmdd at dary |l eng
California compliance prescribes an internal

flux algorithms used in many simulation progr
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model has the capability to fmaodelacthheé odiay loifgh

simulation and make an adjustment to the |igh
account factors such as daylighting avail abil
aperture, control type, and théeéalti gihtei mg osneg tr
the space, the reflectance of surfaces, the s
apertures, and the |light transmission of the
descriptors.

For daylight control usi rcdh,a dsaiyrp lgihfti ed ng @ orhe
pri mary dawdrAdadzauodnyesecondar preasehmamtdiagtimeer |

must be indicated on the compliance forms. |f
and the visible transmiatt ammeceet opfr ef secnreispitriavte orne
the standard design | ighting power is reduced

Lighting.

Daylight Control Requirements

Applicability All spaces with exterior fenestration
Definition The extent of daylighting controls in skylit and sidelit areas of the space
Units List

Input Restrictions | When the installed general lighting power in the primary daylit zone
exceeds 120W, daylighting controls are required, per the Title 24
mandatory requirements.

Standard Design | For nonresidential spaces, when the installed general lighting power in
the skylit or primary sidelit daylit zone exceeds 120W, daylighting
controls are required in the primary daylit zone, per the Title 24
mandatory requirements.

For parking garages, when the installed general lighting power in the
primary sidelit or secondary sidelit daylit zone exceeds 120W,
daylighting controls are required, per the Title 24 mandatory
requirements. Luminaires located in daylit transition zones or dedicated
ramps are exempt from this requirement.

For nonresidential spaces, daylighting controls are specified when the
installed general lighting power in the skylit, primary sidelit, or secondary
sidelit daylit zone(s) exceeds 120W.

For parking garages, when the installed general lighting power in the
primary sidelit or secondary sidelit daylit zone exceeds 120W,
daylighting controls are required. Luminaires located in daylit transition
zones or dedicated ramps are exempt from this requirement.

Standard Design: | When lighting systems in an existing altered building are not modified as
part of the alteration, daylighting controls are the same as the proposed

Existing Buildings design.

2Q2ZTitl e 2&F) nBASH ReipRAr2NRL i g-R 814



When an alteration increases the area of a lighted space, increases
lighting power in a space, or when luminaires are modified in a space
where proposed design lighting power density is greater than 85 percent
of the standard design LPD, daylighting control requirements are the
same as for new construction.

Skylit, Primary, and Secondary Daylit Area

Applicability

All daylit spaces

Definition

The floor area that is daylit.

The skylit area is the portion of the floor area that gets daylighting from a
skylight. Two types of sidelit daylit areas are recognized. The primary
daylit area is the portion that is closest to the daylighting source and
receives the most illumination. The secondary daylit area is an area
farther from the daylighting source, which still receives useful daylight.

The primary daylit area for side lighting is a band near the window with a
depth equal to the distance from the floor to the top of the window and
width equal to window width plus 0.5 times window head height wide on
each side of the window opening. The secondary daylit area for side
lighting is a band beyond the primary daylit area that extends a distance
double the distance from the floor to the top of the window and width
eqgual to window width plus 0.5 times window head height wide on each
side of the window opening. Area beyond a permanent obstruction taller
than 6 feet should not be included in the primary and secondary daylight
area calculation.

The skylit area is a band around the skylight well that has a depth equal
to 70 percent of the ceiling height from the edge of the skylight well. The
geometry of the skylit daylit area will be the same as the geometry of the
skylight. Area beyond a permanent obstruction taller than 50 percent of
the height of the skylight from the floor should not be included in the
skylit area calculation.

Double counting due to overlaps is not permitted. If there is an overlap
between secondary and primary or skylit areas, the effective daylit area
used for determining reference position shall be the area minus the
overlap.

Units

ft?

Input Restrictions

The daylit areas in a space are derived using other modeling inputs like
dimensions of the fenestration and ceiling height of the space.

Standard Design

The daylit areas in the standard design are derived from other modeling
inputs, including the dimensions of the fenestration and ceiling height of
the space. Daylit area calculation in the standard design is done after
window to wall ratio and skylight to roof ratio rules in Section 5.5.7 of
this manual are applied.
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Standard Design:
Existing Buildings

Same as new construction when skylights are added/replaced and
general lighting altered

Installed General Lighting Power in the Primary and Skylit Daylit Zone

Applicability All spaces

Definition The installed lighting power of general lighting in the primary and skylit
daylit zone.
The primary and skylit daylit zone shall be defined on the plans, and be
consistent with the definition of the primary and skylit daylit zone in the
standards. Note that a separate building descriptor, fraction of controlled
lighting, defines the fraction of the lighting power in the space that is
controlled by daylighting.

Units Watts

Input Restrictions | As designed

Standard Design

The installed lighting power for the standard design is the product of the
primary daylit area and the LPD for general lighting in the space.

Standard Design:
Existing Buildings

Same as new construction when skylights are added/replaced and
general lights are altered

Installed General Lighting Power in the Secondary Daylit Zone

Applicability All spaces

Definition The installed lighting power of general lighting in the secondary daylit
zone.
The secondary daylit zone shall be defined on the plans and be
consistent with the definition of the secondary daylit zone in the
standards. Note that a separate building descriptor, fraction of controlled
lighting, defines the fraction of the lighting power in the space that is
controlled by daylighting.

Units w

Input Restrictions | As designed

Standard Design

The installed lighting power for the standard design is the product of the
secondary daylit area and the LPD for general lighting in the space.

Standard Design:
Existing Buildings

Same as new construction when skylights are added/replaced and
general lights are altered

Reference Position for llluminance Calculations

2Q2Zritl e
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Applicability

All spaces or thermal zones, depending on which object is the primary
container for daylighting controls

Definition

The position of the two daylight reference points within the daylit space.

Lighting controls are simulated so that the illuminance at the reference
position is always maintained at or above the illuminance setpoint. For
step switching controls, the combined daylight illuminance plus
uncontrolled electric light illuminance at the reference position must be
greater than the setpoint illuminance before the controlled lighting can be
dimmed or tuned off for stepped controls. Similarly, dimming controls will
be dimmed so that the combination of the daylight illuminance plus the
controlled lighting illuminance is equal to the setpoint illuminance.

Preliminary reference points for primary and secondary daylit areas are
located at the farthest end of the daylit area aligned with the center of
each window. For skylit area, the preliminary reference point is located
at the center of the edge of the skylit area closest to the centroid of the
space. In each case, the Z i coordinate of the reference position
(elevation) shall be located 2.5 feet above the floor.

Up to two final reference positions can be selected from among the
preliminary reference positions identified in for each space.

Units

Data structure

Input Restrictions

The user does not specify the reference position locations; reference
positions are automatically calculated by the compliance software based
on the procedure outlined below. Preliminary reference positions are
each assigned a relative daylight potential (RDP) which estimates the
available illuminance at each position, and the final reference position
selection is made based on the RDP.

RDP: An estimate of daylight potential at a specific reference position.
This is NOT used directly in the energy simulation, but it used to
determine precedence for selecting the final reference points. The
relative daylight potential is calculated as a function of effective aperture,
azimuth, illuminance setpoint and the type (skylit, primary sidelit, or
secondary sidelit) of the associated daylit zone. RDP is defined as:

YOO 6 06 6 YO O

Where: 0 ,0 , and 6 are selected from the following table.

Skylit Daylit Zones Primary Sidelit Daylit | Secondary Sidelit
Zones Daylit Zones

llluminance o] o] 0 0 0 0 0 0 0
Setpoint

O 200 | 3927 0 |[3051 | 1805 | -0.40 | 3506 | 7044 | -3.32 | 1167
O 1000 [12046 |0 |-421 | 6897 | -7.22 | 475 1512 | -2.88 | -22
> 1000 lux 5900 0 |-516 | 884 -5.85 | 823 212 -0.93 | 57

Illuminance Setpoint: This is defined by the user, and is entered by the
user, subject to the limits specified in Appendix 5.4A, determined from
the space type.
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Source Orientation (SO): The angle of the outward facing normal of the
dayl ight source6s p atoatizonsaplariea c e
expressed as degrees from south. This is not a user input but is
calculated from the geometry of the parent surface. For skylights, the
source orientation is not applicable. For vertical fenestration, it is
defined:

YO sp WTo & Qs O

Where: Azimuth is defined as the azimuth of the parent object containing
the fenestration associated with the preliminary reference point.

Effective Aperture (EA): For this calculation, effective aperture
represents the effectiveness of all sources which illuminate a specific
reference position in contributing to the daylight available to the
associated daylit zone. In cases where daylit zones from multiple
fenestration objects intersect, the effective aperture of an individual daylit
zone is adjusted to account for those intersections according to the
following rules:
O For skylit and primary sidelit daylit zones, intersections with other
skylit or primary sidelit daylit zones are considered.
[0 For secondary sidelit daylit zones, intersections with any toplit or
sidelit (primary or secondary) daylit zones are considered.

Effective aperture is defined as follows:

00 WY 0O O w'YOo O
Where:
00 Is the combined effective aperture of all daylight sources
illuminating a specific daylit zone.
WY Is the user specified visible transmittance of the
fenestration object directly associated with the daylit zone.
0 Is the area of the fenestration object directly associated

with the daylit zone.

@"Y Isthe user specified visible transmittance of the
fenestration object associated with each intersecting daylit
zone.

0 Is the area of the fenestration object directly associated
with each intersecting daylit zone.

O Is the fraction of intersecting area between the daylit zone
in question and each intersecting daylit zone:

O 0 jo
0 Is the area of each intersecting daylit zone (including area
that might fall outside a space or exterior boundary).

0 Is the area of the daylit zone (including area that might fall
outside a space or exterior boundary).
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First Reference Position: Select the preliminary reference point with
the highest relative daylight potential (RDP) from among all preliminary
reference points located within either top or primary sidelit daylit zones. If
multiple reference points have identical RDPs, select the reference point
geometrically closest to the centroid of the space.

Second Reference Position: Select the preliminary reference point with
the highest RDP from amongst all remaining preliminary reference points
located within either top or primary sidelit daylit zones. If multiple
reference points have identical RDPs, select the reference point
geometrically closest to the centroid of the space.

Standard Design

Reference positions for the standard design shall be selected using the
same procedure as those selected for the proposed design.

Standard Design:

Existing
Buildings

Additions or alternations of lighting in spaces trigger the daylighting
control requirements whenever the total installed lighting in the daylit
zone is 120 W or greater, and the reference positions shall be
determined in the same manner as with new construction. This only
applies when alterations or additions to the lighting in an existing building
trigger daylighting control requirements.

lllumination Adjustment Factor

Applicability

All Daylighted Spaces

Definition

Recent studies have shown that the split flux interreflection component
model used in many simulation programs overestimates the energy
savings due to daylighting, particularly deep in the space. A set of two
adjustment factors is provided, one for the primary daylit zone and one
for the secondary daylit zone.

For simulation purposes, the input daylight illuminance setpoint will be
modified by the illuminance adjustment factor as follows:

0 "YQE e QD WRVYQO N HQAD | 0"QALEOOE |

Units

Unitless

Input Restrictions

Prescribed values for space type in Appendix 5.4A

Standard Design

The standard design illumination adjustment factors shall match the
proposed

Standard Design:
Existing Buildings

Same as new construction when skylights are added/replaced and
general light is altered.

Fraction of Controlled Lighting

Applicability

Daylighted Spaces
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Definition The fraction of the general lighting power in the primary and skylit daylit
zone, or secondary sidelit daylit zone that is controlled by daylighting
controls.

Units Numeric: fraction for primary and skylit daylit zone, and fraction for
secondary zone

Input Restrictions | As designed for secondary daylit areas. If the proposed design has no
daylight controls in the secondary daylit area the value is set to O for the
general lights in the secondary daylit area. Primary and skylit daylit area
fraction of controlled general lighting shall be as designed when the
daylight control requirements building descriptor indicates that they are
not required, and shall be 1 when controls are required.

Standard Design | When daylight controls are required according to the daylight control
requirements building descriptor in either the primary daylit and skylit
zone, or the secondary daylit zone, or both, the fraction of controlled
lighting shall be 1.

Standard Design: | Same as for new construction when skylights are added/replaced, and
general light is altered.

Existing Buildings

Daylighting Control Type

Applicability Daylighted Spaces

Definition The type of control that is used to control the electric lighting in response
to daylight available at the reference point.

Options:
| cwitchi I he electric | I
} } } i O
g '“,"gl euﬁtput' pe”fe'. "I' dlse|ete.ee|ually spaleedE steps ,;E eaelll
power.

1 Continuous dimming controls have a fraction to rated power to
fraction of rated output that is a linear interpolation of the minimum
power fraction at the minimum diming light fraction to rated power
(power fraction = 1.0) at full light output. See Figure 8: Example
Continuous Dimming Control

1 Continuous dimming + off controls are the same as continuous
dimming controls except that these controls can turn all the way
off when none of the controlled light output is needed. The OFF
stage of the control is not modelled unit daylight illuminance is
150% or above of design illuminance.

See the example control chart below.

Figure 8: Example of Lighting Power Fraction Continuous Dimming and
Continuous Dimming Plus OFF Daylighting Controls
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90%

80%

70%

60%

50%

40%

Fraction of Rated Power

30%

20%

10%

0% | I—
0% 50% 100% 150% 200%
Daylight llluminance as a Fraction of Design llluminance

@ Continuous Dimming 10%===Continuous dimming 10% + Off

: tor Californi .

Units List (see above)
Input As-desighed. All controls meeting mandatory daylighting controls
Restrictions requirements are modeled as continuous dimming to 10%. All daylighting

controls claiming Daylight Continuous Dimming plus OFF PAF are
modeled as Continuous Dimming 10% + OFF. PAF is restricted to
primary sidelit daylit zones and skylight zones (secondary sidelit daylit
zone not allowed to claim credit)
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